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1. ON THK OCCUBflüNCE OF GFLATINOUS FIBRES, 
WITH SPECIAL REFERENCE TO ROOT WOOD.
ABSTRACT
The occurence of reaction wood in numerous 
trees, small shrubs and herbs is described both in 
stems and roots, and the possible relation between 
gelatinous fibres and tension wood considered.
In the roots of a number of dicotyledonous 
plants, gelatinous fibres were found to be abundant and 
more or less regularly distributed irrespective of the 
orientation of the organ with respect to gravity. It is 
suggested that gelatinous fibres, irrespective of their 
position in a stem or root and tension wood fibres are 
the cytological expression of the same phenomenon and 
should be considered as one type of fibre.
The formation of tension wood bears less relation 
to the position of the ontogenetic centre of stems and 
roots than is generally thought. There was evidence that 
in horizontal branches, the distribution of tension wood 
fibres within a ring is more common in the early wood on 
the upper side and in the late wood on the lower side, 
but this is not invariable.
The occurrence of gelatinous axial parenchyma 
in branch and root wood of robinia is recorded for the 
first time.
Compression wood was not found in horizontally 
lying roots of a few gymnosperms examined.
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RESUME OF PREVIOUS WORE ON REACTION WOOD
The present study has been concerned with 
distribution of reaction wood in a number of trees, 
small shrubs and herbs, both in roots and in stems.
It has also dealt with the possible relation between 
tension wood and gelatinous fibres and numerous species 
were examined for the presence of gelatinous fibres. 
Before a rather more detailed account is given of the 
scope of the work it will be convenient to give a short 
resume of the work which has already been carried out 
on reaction wood as it will then be possible to explain 
more readily the object of the present investigation.
Reaction wood is associated with boles and 
branches of trees which do not grow vertically. It is 
apparently of very frequent occurrence - thus Pillow 
and Luxford (1957) indicated that it was present in all 
leaning coniferous trees which they examined. According 
to Dadswell and Wardrop (1949) reaction wood is present 
in nearly every stem. It would seem, however, that 
these very broad generalisations are rather rash, for 
Onaka (1949) lists a number of instances where it has 
not been found, although from the position of the branch 
or trunk it might have been expected. Similarly, the 
present author did not invariably find tension wood in
every non-vertical branch of dicotyledons which he 
examined. Since the incidence of compression wood 
was given less attention in the present study, it 
is considered better to refrain from making any 
generalisation. In the main, reaction wood, as 
might be expected, has been investigated in woods of 
economic importance and it is not too much to suggest 
that relatively few species of woody plants have been 
examined in this connection, far too few in fact, to 
warrant a very broad generalisation.
It is generally stated that tension wood 
is formed in non-vertical limbs in which the pith is 
eccentric toward the lower side, the tension wood 
occurring on the upper side. It is characterised 
by having fibres of anomalous structure, in which 
the innermost layer consists of apparently very pure 
cellulose in which the micellar orientation is almost 
axial. This layer may be thick and greatly reduce the 
size of the lumen. Because of its appearance, fibres 
in #1 ich it occurs are known as gelatinous fibres.
This layer may also become distorted and separate 
partially or completely from the rest of the wall as 
seen in a transverse section. According to Onaka 
(1949) the gelatinous layer is the innermost layer
of the secondary wall (i.e. S 3 layer ) in only a few 
genera; where tracheids and fibre-tracheids constitute 
the main bulk of the secondary xylem, the G layer, if 
present is the whole of the secondary wall, while where 
libriform fibres preponderate it is a special inner 
layer of the secondary wall (presumably different from 
S 3 layer). Wardrop and Dadswell (1955) found that 
while in most gelatinous fibres it is superimposed on 
the S 1 layer, the S 2 and S 3 layers being absent, 
the S 2 layer, and even, rarely, both S 2 and S 3 
layers, may be present as well as this inner anomalous 
layer, G.
A feature which appears to be invariably 
associated with tension wood fibres is the presence 
of slip planes (Chow, 1946; Wardrop and Dadswell 
(1947). Slip planes were also referred to by Dadswell 
and Wardrop (1946) but not with special reference to 
tension wood.
Comparative studies of the structure of
* The abbreviations for the cell wall layers proposed by 
Dadswell and Wapdrop (1954) and Wardrop and Dadswell (1957) 
are used in this thesis, viz.:
Secondary wall, outer layer = S I
Secondary wall, middle layer = S 2
Secondary wall, inner layer = S 3
Gelatinous layer = G
4normal wood and tension wood from the same plant have 
been made by several investigators. Clarke (1937) 
found that generally the length of tension wood fibres 
did not differ from that of normal fibres from the 
opposite side of the same growth ring in beech, 
although in some trees the tension wood fibres were 
slightly longer. Dadswell and Wardrop (1949) found 
no evidence that fibres in tension wood zone of 
Eucalyptus regnans were longer than those of comparable 
normal wood. Dadswell and Wardrop (1954) stated that 
in their study of many species, the tension wood fibres 
were, in some instances, slightly longer and in some 
cases slightly shorter than comparable normal wood, 
i.e. wood taken from the same zone of a growth ring. 
However, Chow (1946) and Walek Czernecka and Smolinski 
(1956) investigated tension wood in beech and stated 
that in tension wood the fibres were longer than in 
normal wood, the vessels fewer and parenchyma cells 
more abundant. Chow carefully selected samples for 
maceration from normal wood and tension wood so as to 
eliminate any possible influence of ring width or 
position in the annual ring on the results: it is
inferred that samples were taken from the same side of 
the pith.
An extensive survey by Onaka (1949) 
indicated that fibres in tension wood are always 
longer, vessels markedly fewer and parenchyma cells 
also fewer than in normal wood which, assuming 
similarity in size would seem to imply that fibres 
are more numerous in tension wood than in corresponding 
normal wood. It is not clear from the English resume 
of Onaka * s paper whether this comparison of tension 
and normal wood is a generalisation or whether it 
refers to a study made on these two types of wood 
from a single branch or trunk.
Jaccard (1919) found that in horizontal 
branches the tension wood was more common in early 
wood than in the late wood. Rendle (1936) found that 
the gelatinous fibres in English oak (i.e. Q.uercus 
robur and Q.uercus sessiliflora) occurred mainly in the 
early wood including the early late wood, but sometimes 
throughout the growth ring; he also found that on 
occasion isolated gelatinous fibres occurred scattered 
apparently indiscriminately among the normal fibres. 
Clarke (1937) reported that in beech, tension wood fibres 
were found chiefly in the earlier part of the growth 
rings and never among the last few rows of cells of 
the year's growth. Similarly Walek-Czernecka and 
Smolinski (1956) failed to find tension wood fibres
in the narrow zone of last formed late wood in beech. 
According to Dadswell and V/ardrop (1954) tension wood 
may be found as a dense partially concentric band 
extending over a number of growth rings or in the 
form of scattered or irregularly grouped tension wood 
fibres. These authors have not associated tension wood 
fibres with a definite zone of a growth ring.
In conifers the reaction wood, known as 
compression wood, is normally found on the lower side 
of non-vertical trunks or limbs in which the pith is 
also eccentric, but toward the upper side. The growth 
rings are consequently wider in the zone of compression 
wood than they are on the upper side, where normal wood 
is found. Compression wood tracheids are usually thick 
walled and it is generally held that early and late 
wood in a growth ring are poorly differentiated (Pillow 
and Luxford, 1937; Dadswell and Wardrop, 1949; Brown, 
Panshin and Forsaith, 1949). The cell wall contains a 
higher proportion of lignin than in normal wood tracheids. 
The compression wood tracheids have a rounded cross 
section so that they do not fit closely together but 
leave intercellular spaces, while the walls have oblique 
checks or cracks. The tracheids are normally shorter than 
those of comparable normal wood and the pitch of the 
fibrillar helices of S 2 layer is less steep than in
7comparable normal wood tracheids. It has been shown 
that the cell wall of compression wood tracheids consists 
of two layers comparable with S 1 and S 2 layers, the 
layer comparable with 8 3, if present, being only 
poorly developed; more often it is absent (Wardrop and 
Dadswell, 1950). Munch (1938) and Onaka (1949) also 
state that this layer is absent.
As Hartmann (1932) and Sinnott (1952) have 
pointed out in relation to compression wood, this tissue 
is not invariably confined to the lower side of non­
vertical members but appears, as it were, where needed 
to restore the normal position of the axis. This view 
is in agreement with the observations made on the 
distribution of tension wood (Dadswell and Wardrop,
1954; Dyer, 1956; Wardrop, 1956). Nevertheless, a 
survey of literature does suggest that the normal 
position of compression and tension wood are on the 
lower and upper sides of the non-vertical limbs 
respectively, and as Jane (n J>Tes^ has pointed out, it 
appears to be tacitly assumed that compression wood and 
tension wood are manifestations of the same phenomenon. 
Their general occurrence on opposite sides of the stem 
and their entirely different distinctive features, and 
even their behaviour in timber, might suggest that they 
are quite distinct types of abnormal wood and even
%perhaps produced in response to different conditions. 
The only attempt, so far as the writer is aware, to 
explain and harmonise the differences is that of 
Dadswell and Wardrop (1949).
The generally accepted view is that 
compression wood and tension wood are due to effects 
of gravity. The older view, which is best illustrated 
by reference to a horizontal branch, is that the direct 
effect of gravity on such a member, essentially a 
cantilever beam, is to induce compression on the lower 
side and tension on the upper side. No satisfactory 
explanation seems to have been advanced as to why 
compressional stresses should lead to the development 
of abnormal wood accompanied by more numerous divisions 
of the cambium on the lower side in conifers (Wardrop 
and Dadswell, 1950) while tensional stresses should 
affect dicotyledonous woods in such a way that tension 
wood with the peculiar structure and properties is 
formed on the upper side. Why, moreover, compressional 
and tensional forces should produce an entirely 
different reaction leading to the production of quite 
distinct types of abnormal wood, the one only * in 
gymnosperms and the other in angiosperms, remains un­
explained.
* See next page
g* Record and Garratt (1925) have recorded the 
occurrence of gelatinous fibres and of compression wood 
in Buxus semnervirens. However, these authors have 
detected compression wood by macroscopic examination. 
Detection of this anomaly by the colour of the wood 
might be misleading, as sometimes even in conifers the 
normal heart wood and the neighbouring compression wood, 
both with similar colouration cannot be differentiated - 
unless microscopic examination is resorted to. Brown, 
Panshin and Forsaith (1952) state that "Compression wood 
is sometimes present in hardwoods, in the same position 
it occupies in coniferous trees", but do not provide 
any details whatsoever. According to Maara (Character­
istics of tension wood in hard maple, Acer saccharurn 
Marsh. Unpublished thesis on deposit in the library of 
the New York State College of Forestry, 1942 - as quoted 
by Brown, Panshin and Forsaith) the tension wood alone 
or both tension wood and compression wood may be present 
in hard maple. As the presence of tracheids or even of 
fibre-tracheids is not recorded in Acer saccharum and 
indeed in the Aceraceae by Brown, Panshin and Forsaith 
(1949) or Metcalfe and Chalk, (1950) it may be inferred 
that compression wood in this species has been associated 
with fibres. But so far as is known the occurrence of 
compression wood is confined only to tracheidal wood 
devoid of vessels, in fact, only to tracheids and fibre- 
tracheids. As Maara's thesis is not available, no 
useful comment could be made. In Drimys aromatica 
which has entirely tracheidal wood, Dadswell and Wardrop 
(1949) found reaction wood on the upper side but with 
anatomical features of compression wood.
The old experiments of Ewart and Mason Jones 
(I9O6) and V/hite (1908) suggest that a gravitational 
stimulus may be responsible for the formation of 
compression wood. They bent the branches of conifers 
into loops and found that compression wood always 
developed on the lower side regardless of whether the 
wood was under compression or tension. This has been 
confirmed by Jaccard (1958) who also found that in 
dicotyledonous branches under similarly treated 
conditions the tension wood invariably developed on 
the upper side. Bailey (see Wershing and Bailey, 1942) 
also indicated that the compression wood developed on 
the under side of branches regardless of whether tissues 
were subjected to compression or tension. These 
experiments suggest that the influence of gravity is 
responsible for the formation and the distribution of 
reaction wood but the mode of its action is rather 
obscure.
Some consideration has been given to the 
possibility of irregular distribution of auxins being 
the cause, directly or indirectly, of reaction wood. 
Wershing and Bailey (1942) were able to obtain 
secondary xylem with the characteristics of compression 
wood in seedling plants of Pinus strobus in areas
where indole - 3 - acetic acid in lanolin had been 
applied superficially. Onaka (1949) obtained 
secondary xylem with the characteristics of compression 
wood in conifer stems after treatment with indole - 3 - 
acetic acid or naphthalene acetic acid. He also found 
more auxin toward the lower side in leaning conifer 
stems. Balch (1932) found that treatment with indole -
I
5 - acetic acid produced wood in Abies balsamea 
showing the characteristic features of compression wood 
and apparently similar wood was formed where the stylets 
of the aphid, Adelges piceae had pierced the shoots. 
According to him the saliva of the aphid contained a 
substance similar to indole - 3 - acetic acid. Fraser 
(1952) also obtained secondary xylem similar to 
compression wood with the help of heteroauxin crystals.
Spurr and Hyvarinen (1934) in their con­
sideration of compression wood as a morphogenetic 
phenomenon conclude that "it seems quite probable that 
auxin is the regulator which sets off the intracellular 
reaction that causes the formation of the anomaly". In 
attempting a fuller explanation of how this may happen 
they write: "It is not difficult to imagine the role
of auxin causing compression wood". To the present 
author this statement appears so vague that it makes
no contribution to explaining bow compression wood may 
be produced.
Turning to.tension wood, Dadswell and Wardrop 
(1954) found that the application of indole-3-acetic 
acid in lanolin or as crystals did not result in any 
change other than a reduction of lignification. On the 
other hand, Wareing's (1958) experiments with one year 
old plants of Acer pseudoplatanus. although not associated 
with the study of tension wood, indicated that indole- 
3-acetic acid stimulated lignification. Sato (1956)' 
found that the reaction wood formation on the upper 
side of horizontal jute stem was retarded by the 
application of indole-3-acetic acid in lanolin.
A further point to which consideration needs 
to be given is the so-called gelatinous fibres which 
are well known in dicotyledonous woods and which appear 
to be very frequent in the secondary xylem of the 
members of several families, e.g. Leguminosae. In 
transverse section these fibres have the appearance of 
tension wood fibres and the inner G layer is reported 
as unlignified but so far as is known, there has been 
no collective work on gelatinous fibres (so-called), 
per se, or any attempt to compare them with the 
characteristic fibres of tension wood.
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SCOPE OF PRESENT INVESTIGATION
Assuming gravity to be the direct cause of 
reaction wood, it should not be developed in non­
vertical members, provided these are adequately 
supported throughout their length so that no bending 
can occur although Hartig (1901) and Spurr and Hyvarinen 
(1954) have indicated the occurrence of compression 
wood on the under side of horizontally growing conifer 
stems which were supported throughout their length.
It was decided to investigate the occurrence of 
reaction wood in subterranean roots which would, of 
course, be supported by the soil both in conifers and 
in dicotyledonous species.
If reaction wood is due to the irregular 
distribution of auxins, bearing in mind the different 
effects of auxin on tropic movement of roots and stems, 
it seemed possible that the formation of reaction wood 
might similarly show differences in location in non­
vertical shoots and roots.
Consideration was also given to the possible 
relation betv/een gelatinous fibres and tension wood. 
Because it was found impossible to differentiate, 
structurally, between this type of fibre and that in 
tension wood, a study of the distribution of gelatinous 
fibres in a number of plants was undertaken.
15
MTERIAL AND METHODS
The material used in this investigation 
included more or less horizontal branches and similarly 
oriented underground roots. Sometimes, stems as nearly 
vertical as could be obtained, were examined, especially 
in herbaceous species, where again vertically growing 
roots were sometimes studied. The branches and the 
roots were as far as possible, collected from the same 
plant.
In studying the incidence of reaction wood in 
small stems and roots, examination of transverse surfaces 
with the unaided eye or a simple lens was supplemented 
by microscopic examination of entire transverse sections. 
This was not always practicable in larger specimens, and 
here, blocks were removed from definite positions in 
relation to the orientation of the member on the tree. 
Usually it sufficed to study sections from blocks taken 
from the position A, B, C and D indicated in the diagram
PITH
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but where the reaction wood was likely to be more 
irregularly distributed the remaining parts of the 
member were also examined microscopically. Section of 
20 (J or less, cut on a sledge microtome, were used for 
microscopic examination.
For tension wood studies, the sections were 
treated with chlor-zinc-iodide and sometimes as a check, 
with iodine-sulphuric acid. The latter was less 
satisfactory as it produced marked swelling of the 
secondary wall. Tests for lignified walls were made with 
either phloroglucinol-hydrochloric acid or with aniline 
sulphate. Differential colouring was confined exclusively 
to these two reagents since they are to be regarded as 
precise chemical tests for cellulose or lignin. Staining 
with safranin and light green was not resorted to. For 
macroscopic examination, the transverse surfaces were 
brushed with one of the following: phloroglucinol-
hydrochloric acid, aniline sulphate, chlor-zinc-iodide, 
iodine-sulphuric acid (rarely). Chlor-zinc-iodide was 
preferred for the detection of gelatinous fibres. 
Phloroglucinol-hydrochloric acid and aniline sulphate 
tests gave some indication of the degree of lignification 
of the elements but did not necessarily indicate the 
presence of gelatinous fibres.
In studying compression wood, the sections 
were stained with phloroglucinol-hydrochloric acid. In
all the sections, as might have been expected, the wood 
both normal and compression, reacted positively and 
strongly to phloroglucinol-hydrochloric acid, often 
more markedly so in the latter.
The position occupied by the "pith"* in a 
length of branches and the roots in a few dicotyledonous 
species was investigated by cutting these into transverse 
discs at approximately one inch intervals. The pith was 
marked by wax pencil and pressure of the disc on the 
paper transferred the mark of the pith on to the paper. 
Without moving the specimen the outline of the disc was 
drawn.
In this thesis a gelatinous fibre is considered 
as "a fibre having a thin or thick unlignified cellulosic 
wall (G) in which the micellar orientation is almost 
axial".
It is realised, of course, that the roots examined, 
do not, in fact, contain pith, but it is here 
convenient and shorter to refer to true or ontogenetic 
centre as the "pith" and thus to keep the terminology 
used for the stem.
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EXPERII\ÛENTAL RESULTS
The Occurrence of Gelatinous Fibres in Specific Branches
and Roots.
The incidence of gelatinous fibres was studied 
in more or less horizontal branches and similarly 
oriented roots of the following seven species
Fagus sylvatica L.
Q.uercus robur L.
Carpinus betulus L. ,h,.
V
Betula pendula Roth.
Aesculus hippocastanum L.
Tilia platyphyllos Scop.
Robinia pseudoacacia L .
Beech (Fa^us sylvatica)
Investigations of transverse sections from 
horizontally oriented beech branches and roots indicated 
a more or less consistent position of the pith. In none 
of the roots did the "pith" come above the horizontal 
median plane; it was either centric (rarely) or below 
the centre and very commonly in the vertical median plane. 
In the branches it was similarly never above the 
horizontal median plane, commonly below it and rarely 
centric. It was generally in the vertical median plane.
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In the four branches examined the gelatinous 
fibres were found on the upper side in all the sections.
In two of these branches gelatinous fibres were present 
in almost all the growth rings of the upper side but a 
few such fibres also occurred below the pith. The 
distribution of the gelatinous fibres toward the upper 
side was regular. These fibres, where numerous and 
pronounced, occurred in the early and late wood, but 
where they were comparatively few, they occurred in the 
early wood only. Gelatinous fibres were found even in 
the last few rows of the late wood whenever gélatinisation 
happened to be intense. The G layer was thick, more or 
less obliterating the lumina of such fibres but sometimes 
it was distorted. Two indistinct gelatinous "layers" 
were observed in a few fibres. Slip planes were found 
but these were not present in every gelatinous fibre 
examined. Sometimes the pit mouths of the gelatinous 
fibres tended to be continuous (Fig. 1).
The distribution of a few gelatinous fibres 
toward the lower side of two branches was rather irregular. 
In one branch these fibres occurred in the middle part 
of the second oldest growth ring but in the late wood of 
the fourth ring. In the other branch these fibres were 
distributed throughout the oldest ring but were confined 
to late wood of the next four growth rings.
No gelatinous fibres were found in five of the
Fig. 1.
Fig. lA.
/
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Fagus sylvatica. A gelatinous fibre showing 
two coalescent pit mouths (X). Y shows normal 
pit mouth of this type of fibre. Note the 
orientation of the pit mouths. Photographed in 
polarised light between crossed nicols. X 990. 
r
VX
Interpretation of coalescent pit mouths.
A = Normal pit mouth of a gelatinous fibre. 
B = Extension of pit mouths. C = Pit mouth 
of a normal fibre.
six roots examined but in one, scattered gelatinous 
fibres were found toward the upper side in the thirteen 
youngest growth rings (Fig. 2). These fibres occurred 
mostly in the late wood, but sometimes in the early 
wood, as isolated elements with a thick G layer which, 
in transverse sections, sometimes had a regular outline 
but was sometimes distorted, having pulled away from 
the rest of the wall. Slip planes and continuous pit 
mouths were sometimes present.
The normal fibres were lignified in all the
roots.
Oak (Q.uercus robur)
Investigations of transverse sections of four 
horizontal branches of oak showed that the position of 
the*pith was not very variable. Sometimes it was centric, 
sometimes slightly below the horizontal median plane, 
only one section showed it slightly above centre. The 
pith was commonly in the vertical median plane. In two 
roots it was noted that the "pith" was well below the 
horizontal median plane. In the other two roots the "pith" 
was more or less centric but sometimes slightly below 
the horizontal median plane. In all the roots the "pith" 
was commonly in the vertical median plane.
One disc was examined in each of the four 
branches. The pith was centric in discs of two branches, 
being slightly eccentric below the geometric centre in
Zo
1
'1 .
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Fig. 2. FaKUs sylvatica. Transverse
section of root showing gelatinous 
fibres (treated with chlor-zinc- 
iodide). G = Gelatinous layer.
X 780.
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the other two. Even though there was no marked 
eccentricity in the branches the gelatinous fibres were 
found to be abundant and pronounced toward the upper 
side. In three branches the gelatinous fibres occurred 
in almost all the growth rings of the upper side. The 
gelatinous fibres were also found toward the lower side 
in two branches where the pith in one was centric and 
in the other slightly eccentric to the lower side.
The distribution of the gelatinous fibres in 
a growth ring above the pith was regular. Such fibres 
occurred in the early wood but when the gélatinisation 
was intense they extended in the late wood and sometimes 
in the last few rows of the fibres of 'the season's growth. 
A few fibres showed two indistinct gelatinous "layers". 
Sometimes the G layer was thick, and even, at times, 
more or less obliterated the lumen: sometimes it was
distorted. Slip planes were present but these were not 
found in all the gelatinous fibres examined. The pit 
mouths of the gelatinous fibres tended to join up.
The distribution of the gelatinous fibres in 
a growth ring toward the lower side was rather different 
from that of the upper side. In one branch these fibres 
were rather irregularly distributed in the third oldest 
growth ring but in the fourth and the fifth rings they 
occurred in the late wood. In another branch the 
gelatinous fibres were present in the early wood of the
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five oldest rings. In this branch these fibres were 
also found below the pith in the five or six youngest 
rings where they were numerous, well developed and 
distributed throughout the width of these narrov/ growth 
rings.
In the discs examined, one from each of the 
four roots, the "pith" was eccentric toward the lower 
side, very slightly so in tv/o of them. Only one root 
possessed gelatinous fibres which were very few, isolated, 
and above the "pith". The sparsity of these fibres did 
not make it possible to study their distribution in a 
growth ring. No conclusion could be made as to whether 
slip planes and coalescent pit mouths were present since 
the sparsity of these fibres made it impracticable to 
study them in macerations or longitudinal sections.
The G layer was thick but not distorted. Apart from 
these isolated gelatinous fibres the apparently normal 
fibres were only slightly lignified.
Hornbeam (Carpinus betulus)
In the horizontal branches of hornbeam the pith 
was rarely eccentric below the horizontal median plane. 
This feature was not in agreement v/ith the generally 
accepted view that horizontal branches containing tension 
wood possess pith which is eccentric toward the lower 
side. Investigations of the transverse sections of the
23
roots indicated that the "pith" was commonly eccentric, 
being more or less equally frequent above and below 
the horizontal median plane.
In the discs examined, one from each of the 
four branches, the pith in two was displaced above the 
geometric centre, in the third it was centric while in 
the fourth it was very slightly eccentric toward the 
lower side. An interesting feature of the fibres of all 
four branches (exclusive of the gelatinous fibres) was 
the weak lignification of the walls. Positive colouration 
with phloroglucinol-hydrochloric acid occurred in the 
middle lamella and primary wall, but practically no 
colour reaction was obtained in the secondary wall. The 
lack of lignification, however, did not mean that the 
secondary wall, like that of gelatinous fibres, was 
cellulosic as no positive reaction could be obtained 
with cellulose tests. It is interesting to observe that 
the vessels showed normal lignification and that only 
the fibres gave this negative reaction.
Gelatinous fibres, which were very similar to 
tension wood fibres, were present toward the upper side 
in all four branches but in no instance were they found 
in all the growth rings above the pith. A few weakly 
developed gelatinous fibres were also found toward the 
lower side in two branches, where the pith was eccentric 
toward the upper side.
On the upper side the distribution of the 
gelatinous fibres in a growth ring was regular. These 
fibres occurred in the early wood but occasionally the 
gélatinisation extended in the late wood. Isolated 
gelatinous fibres were found rarely in the last two or 
three rows of the late wood fibres even though the middle 
part of the growth ring possessed apparently normal 
fibres. The G layer was sometimes distorted, but some­
times had a regular outline as seen in a transverse 
section. The G layer appeared to possess two indistinct 
"layers" in a few fibres. Slip planes were present in 
the walls of some of these fibres, but were not seen in 
every gelatinous fibre examined. Sometimes the pit 
mouths of the gelatinous fibres were coalescent.
Toward the lower side, the distribution of the 
gelatinous fibres was rather different from that of the 
upper side. In one branch a few such fibres were found 
in the first and the third growth rings but their 
distribution was irregular and they were not confined to 
definite zones of the seasonal increment. In the second 
branch a few gelatinous fibres occurred in the late 
wood of the second and third rings.
In the discs examined, one from each of the 
four roots, the "pith" was toward the upper side in two 
and eccentric to the lower side in the other two. No 
gelatinous fibres were found in these roots. As in the
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branches the apparently normal fibres were more or less 
nnlignified.
Birch (Betula pendula)
Investigations of transverse sections from 
four horizontally placed birch branches showed that there 
was slight variation in the position of the pith. In 
the proximal- sections of any of these branches it was 
above the horizontal median plane, after which it usually 
became centric or eccentric below the horizontal median 
plane. It was commonly in the vertical median plane but 
occasionally to one side of it. The eccentricity toward 
the lower side in these branches was slight. As the 
roots in the collection had many laterals, the vsiriation 
in the position of the "pith" was not studied.
In all the four branches the pith proximally 
was eccentric toward the upper side, in two markedly so.
In these proximal sections a few gelatinous fibres were 
found, always on the upper side of the pith, but the 
degree of gélatinisation was small and it seemed clear 
that the development of gelatinous fibres was very slight.
* In the discs, cut from more distal regions, it was 
found that the gelatinous fibres were abundant on the 
upper side and occurred both in the older and the younger 
growth rings. They occurred commonly in the early 
wood and sometimes extended throughout the growth ring, 
even in the narrow zone of the last formed late wood.
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The development of these fibres was confined to the 
inner rings, none being seen in the younger wood.
These fibres commonly occurred in the early 
wood and sometimes extended into the late wood but in 
no instance were they observed in the last two or three 
rows of fibres of late wood. The single G layer was 
commonly thick, obliterating the lumen of the fibre; 
sometimes it was distorted. Slip planes and continuous 
pit mouths were found but not seen in all the gelatinous 
fibres examined.
In two of the roots the "pith" was more or less 
centric in the two discs examined, in the third it was 
slightly below the horizontal median plane and in the 
fourth, eccentric to one side but still in the horizontal 
median plane. In these roots no gelatinous fibres were 
found. Nevertheless, the fibres everywhere gave a less 
intense colouration with phloroglucinol-hydrochloric 
acid and with aniline sulphate.
Horse chestnut (Aesculus hippocastanum)
The pith of the horse chestnut branches was 
centric wherever it was examined, but in spite of this, 
all branches showed pronounced and abundant gelatinous 
fibres on the upper side while in two, such fibres were 
also found on the lower side of the branch. Gelatinous 
fibres were present in almost all growth rings on the
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upper side in two of the four branches examined.
Variation in the position of the "pith" in the roots 
was not studied because the material collected was 
unsuitable for this purpose.
Toward the upper side the gelatinous fibres 
were commonly present in the late wood and the late 
early wood. However, when the gélatinisation was intense 
the gelatinous fibres occurred throughout the growth 
ring, being more pronounced in the late wood. The G 
layer was commonly distorted but sometimes had a more 
or less regular outline as seen in transverse section.
A few fibres possessed two gelatinous "layers", which 
appeared indistinct. Slip planes were present but were 
not seen in every gelatinous fibre examined. Sometimes 
the pit mouths of the gelatinous fibres tended to join up.
Toward the lower side a few gelatinous fibres 
were found in the four oldest growth rings of two branches, 
where one disc was examined in each. Their distribution 
was rather irregular, but it was observed that these, 
fibres showed less tendency to occupy the late wood.
In one root the "pith" was centric, while in 
the remaining three it was eccentric toward the upper 
side. No gelatinous fibres were found in any of these 
roots. The normal fibres were lignified.
Lime (Tilia platyphyllos)
In the lime branches the pith had a more or
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less consistent position. In none of the branches did 
the pith come above the horizontal median plane; it 
was commonly below the geometric centre and rarely 
centric. It was commonly in the vertical median plane. 
On the contrary, the position of the "pith" in the 
roots was not consistent. It was either below or above 
the horizontal median plane, and sometimes centric. It 
was mostly in the vertical median plane but sometimes 
displaced to one side.
It was clear that the position of the pith
in the branches examined was eccentric below the
horizontal median plane, as is known in horizontal
branches which contain tension wood. On the contrary,
it was observed that gelatinous fibres were not found
*
in any of the four branches. Nevertheless, the fibres 
toward the upper side appeared to be less lignified than 
those toward the lower side. Slip planes were sometimes 
present in the apparently normal fibres on both upper 
and lower sides. The pit mouths did not join up to form 
a long slit-like structure.
Three of the roots where one disc was examined 
in each, had "pith" eccentric toward the lower side, in
* Gelatinous fibres were not found in two horizontal
branches examined in each species of Syringa vulgaris L., 
Forsythia susnensa Vahl., Fraxinus sp., Ilex 
aquifolium L., and Rhododendron ponticum L.
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the fourth it was slightly displaced to the upper side.
No gelatinous fibres were found in these roots. A few 
slip planes were found in the apparently normal fibres 
which were slightly lignified.
Robinia (Robinia pseudoacacia)
It is well known that in robinia, as in many 
other members of the Leguminosae, gelatinous fibres are 
of frequent occurrence in the secondary wood. Such 
fibres do not always seem to be associated with tension 
wood in the literature and, indeed, it might even be 
considered that tension wood and gelatinous fibres are 
expressions of two distinct phenomena.
In what follows, it is proposed at first to 
work on the assumption that tension wood and gelatinous 
fibres are, in fact, distinct, and subsequently to 
compare these fibres with those associated with tension 
wood to discover if there is justification for regarding 
them as distinct.
Of four horizontal branches examined, the pith 
was generally either in or below the horizontal median 
plane and in very few sections, above this plane. In 
the roots, of which sections of six were studied, the 
"pith" position was similar to that in the branch although 
it was more frequently centric and, rather more often than 
in the branches, slightly above the horizontal median plane.
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Gelatinous fibres were found in abundance in 
all the roots examined and on all radii. It could not 
be said that such fibres were more abundant on one radius 
than on another except that where the "pith" was eccentric 
there were more gelatinous fibres on longer radii than 
on the shorter ones, indeed the abundance of these 
fibres in any position was roughly proportional to the 
length of the radius.
The gelatinous fibres were developed best in 
the oldest wood, forming a zone round the "pith" and in 
this zone normal fibres were almost rare. Such a zone 
of intense gélatinisation was confined to the five oldest 
growth rings in a ten year old root, the five oldest 
rings in a twelve year old root, the five to six oldest 
rings in a thirteen year old root, the eighteen oldest 
rings in a twenty three to twenty six year old root, the 
twenty oldest rings in a thirty three year old root and 
twenty five oldest rings in a sixty year old root.
Toward the periphery the proportion of normal fibres 
increased but even in the youngest wood, gelatinous 
fibres could be found.
The intensity of gélatinisation was uniform 
throughout the season's growth in the older rings. Where 
gelatinous fibres were few, their distribution in a 
growth ring was irregular.
The G layer, as seen in a transverse section.
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was commonly distorted, although it sometimes had a 
regular outline. Two gelatinous "layers" were some­
times present (Fig. 3). Slip planes were frequent in 
these fibres (Fig..4), although not invariably present 
and the pit mouths had a tendency to be contiguous (Fig.3).
The distribution of gelatinous fibres in the 
wood of the stem was somewhat less regular than that in 
the root. In one slightly inclined trunk (about 3^ - 4-^  
off vertical), sections from borings made on the upper 
and the lower sides showed many gelatinous fibres on the 
upper side, and very few isolated ones on the lower side, 
the distribution thus corresponding to what is regarded as 
normal for tension wood. By contrast, one small vertical 
stem showed gelatinous fibres more or less evenly 
distributed around the pith while two others had more 
numerous gelatinous fibres on one side than on the other.
Examination of four horizontally growing branches 
showed a distribution of gelatinous fibres different from 
that normally associated with tension wood. In discs 
from two of these branches the pith was more or less 
centric, in the third it was eccentric toward the lower 
side and in the fourth, toward the upper side. In the 
first three of the branches the gelatinous fibres were 
equally abundant on all radii and in almost all the growth 
rings; gélatinisation was more intense in those occurring 
on the upper side. The fourth branch also had abundant
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Fig. 3* Robinia pseudoacacia. Transverse 
section of root showing gelatinous 
fibres. Just to the left of centre 
a fibre (X) shows two gelatinous 
"layers" (treated with chlor-zinc- 
iodide). X 990.
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Fig. 4. Robinia pseudoacacia. A gelatinous 
fibre of root with slip planes. 
Photographed in polarised light 
between crossed nicols. X 990.
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Fig. 5- Robinia pseudoacacia. A gelatinous
; ; !
fibre of root showing two coalescent 
pit mouths (X), photographed in 
polarised light between crossed nicols. 
Note the orientation of the pit mouths. 
Interpretation as in Fig. 1. X 990.
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gelatinous fibres which were rather more numerous toward 
the lower side.
In all four branches the gelatinous fibres on 
the upper side were mostly in the early part of the growth 
ring, although they sometimes extended into the late wood. 
On the lower side the gelatinous fibres occurred chiefly 
in the late wood, but sometimes also in the more outer 
part of the early wood. Sometimes gelatinous fibres were 
regularly distributed throughout a growth ring, both on 
the upper and lower sides.
In all stems examined, the fibres had a single 
G layer, sometimes regular in outline as seen in a 
transverse section, and sometimes distorted. While slip 
planes were observed, many fibres did not possess them. 
Sometimes the pits of the gelatinous fibres had continuous 
mouths.
An interesting feature of the stem wood and the 
root wood, was the not infrequent occurrence of axial 
parenchyma cells in the secondary xylem which possessed 
an inner gelatinous layer (Fig. 6). This layer, as seen 
in a transverse section, was distorted and appeared to 
be similar in the orientation of its microfibrils to the 
G layer of a fibre. Slip planes were not found in these 
gelatinous parenchyma cells but continuous pit mouths 
were sometimes observed.
Such gelatinous parenchyma cells which do not
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Fig. 6. Robinia pseudoacacia. .Transverse
section showing gelatinous parenchyma 
in the secondary xylem of a branch; 
the gelatinous layer has collapsed 
(treated with chlor-zinc-iodide).
X 990.
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appear to have been recorded previously, occurred on all 
radii in association with gelatinous fibres.
To summarise, gelatinous fibres were found in 
more or less horizontal branches in beech, oak, hornbeam, 
birch, horse chestnut and robinia but not in those of 
lime, these branches ranging between nine to sixty nine 
years old. The occurrence of such fibres did not appear 
to be related to the pith position. Gelatinous fibres 
were almost always more abundant on the upper side and 
sometimes even confined to this side. Only in robinia 
did such fibres occur on all radii and in one branch they 
were more abundant below the pith. In beech, oak, birch 
and robinia the gelatinous fibres were commonly found in 
the early wood, but sometimes throughout the ring. In 
hornbeam these fibres commonly occurred in the early 
wood but sometimes extended slightly in the late wood.
In the horse chestnut the gelatinous fibres commonly 
occurred in the late wood while in some growth rings 
they were found throughout the season's growth. In all 
the species, except robinia and birch, the G layer 
appeared to possess two indistinct "layers" in a few 
fibres. There was some evidence that the distribution 
of gelatinous fibres within a growth ring below the pith 
was often the reverse to that of the upper side.
The roots of the seven species examined varied 
from seven to sixty years old. A few gelatinous fibres
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were found in only one root of beech and one of oak, 
where these fibres were too sparse to describe in detail. 
However, in all robinia roots examined, the gelatinous 
fibres were abundant and regularly distributed all around 
the "pith". Such fibres were best developed in the older 
rings where they were uniformly distributed throughout 
the season's growth. The G layer possessed two "layers" 
in a few fibres.
Both in the branches and the roots, the degree 
of separation of the G layer from the remaining wall was 
variable even in a length of a fibre. Slip planes were 
present but not necessarily in every gelatinous fibre 
examined. In lime, a few slip planes were observed in 
apparently normal fibres. The pits in the gelatinous 
fibres had the mouth approximately in the plane of the 
vertical axis of the cell and sometimes such pit mouths 
coalesced,forming long slit-like structures.
Gelatinous parenchyma (axial) were found in the 
branch and root wood of robinia and occurred on all radii 
in association with gelatinous fibres. As in gelatinous 
fibres, continuous pit mouths were sometimes observed 
but slip planes were not found.
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TH3 OCCUERiiNCE OF GELATINOUS FIBRES IN THE 
LEGUMINOSAE AND OTHER FAMILIES.
4o
Examination of Robinia pseudoacacia branches 
and roots indicated that the distribution of gelatinous 
fibres, which are abundant in the secondary xylem of 
this plant, bears little, if any, relation to the 
orientation of the organ in which they occur. Gelatinous 
fibres, as such, have been reported in several families 
of dicotyledons (Potter, 1904; Jeffrey, 1917; Rendle 
1936, 1937; Record and Hess, 1943 ; Brown, Panshin and 
Forsaith, 1949; Metcalfe and Chalk, 1950) but in most 
instances, they have not been associated with tension 
wood.
Plants from a number of families in which these 
fibres have been reported were examined, as well as those 
from families in which the present writer could find no 
previous references of their occurrence. Gelatinous fibres 
were found in the following plants 
Leguminosae.
Acacia dealbata Link
Anthyllis vulneraria L.
Cara^ana arborescens Lam.
Cercis siliquastrum L.
Colutea arborescens L.
Galefi-a officinalis L.
Halimodendron halodendron (Pall.) Voss
Hedysarum coronarium L.
Hedysarum luultiiugum Maxim.
Indiproféra gerardiana Wall, ex Baker 
Laburnum anaKvroides Medic.
Lathyrus nissolia L.
Lathyrus odoratus L.
Lespedeza buergeri Miq.
Lupinus arboreus Sims 
Lupinus subcarnosus Hook.
Medicago arabica All.
Medicago echinus DC.
Melilotus alba Desr.
Ornithopus sativus Brot.
Petteria ramentacea Presl 
Samanea saman (Jacq.) Merr.
Sophora vicifolia Hance 
Spartium junceum L.
Thermopsis montana Nutt.
Vicia faba L.
Moraceae
Ficus carica L.
Ficus elastica Roxb.
Madura pomifera (Raf.) Schneid. 
Morus nigra L.
Ulmaceae
Ulmus procera Salisb.
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Urticaceae
Urtica dioica L.
Euphorbiaceae
Acalypha hispida Burm. f.
Acalypha wiIkesiana Muell. Arg. 
Euphorbia peplus L.
PediIanthus tithymaloides Poit. 
Phyllanthus angustifolius Sw.
Onagraceae
Clarkia elegans Dougl.
Epilobium adenocaulon Hausskn. 
Eucharidium concinnum Fisch. and Mey 
Fuchsia magellanica Lam.
Gaura lindheimeri Engelm. and Gray 
Godetia amoena G. Don.
Lopezia coronata Andr.
Oenothera erythrosepala Borb.
Punicaceae
Punica granatum L.
.Rhamnaceae
Rhamnus purshiana DC.
Hamamelidaceae
Hamamelis mollis Oliv.
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Anacardiaceae
Cotinus coggyria Scop.
Roots of all the above species were examined 
but examination of more or less horizontal branches and 
vertical stems was confined to the members of Moraceae, 
Ulmaceae, Urticaceae and all the members of Leguminosae 
examined except Acacia dealbata. Lathyrus odoratus. 
Lespedeza buergeri. Lupinus arboreus. Medicago echinus, 
Ornithopus sativus and Samanea saman.
Gelatinous fibres were not found in the roots 
of the follov/ing fifteen species from nine families. In 
each of these species two roots were examined. These 
roots varied from one to eleven years old. Time did not 
permit of examination of stems.
Rutaceae
Citrus aurantium L.
Simarubaceae
Ailanthus altissima Swingle
Celastraceae
Euonymus europaeus L.
Aceraceae
Acer griseum Pax
Rosaceae
Cotoneaster horizontalis Decne.
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Malus pumila Mill.
Malus triloba (Poir.) Schneid.
Rhodotypos kerrioides Sieb. and Zucc.
Posa far^esi Boulenger
Myrtaceae
Callistemon speciosus DC.
Ebenaceae
Diospyros virginiana L.
Oleaceae
Forsythia suspensa Vahl 
Fraxinus mariesii Hook.
Syringa vulgaris L.
Verbenaceae
Clerodendron sp.
In the roots of the above species, where 
gelatinous fibres were not found, the degree of lignific­
ation in apparently normal fibres varied. These fibres 
were moderately to slightly lignifled in ten species and 
appreciably lignifled in the remaining five species viz: 
Acer griseum. Rhodotypos kerriodes. Callistemon speciosus ^ 
Forsythia suspensa and Syrin^a vulgaris. The degree of 
lignification was uniform on all radii irrespective of 
the position of the secondary xylem in relation to the 
"pith".
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The position of the "pith" in these roots was 
variable. In Acer ^riseum, Callistemon speciosus.
Fraxinus mariesii and Syrin^-a vulgaris the "pith" was 
centric in two roots examined in each species whereas in 
Cotoneaster horizontalis it was eccentric to the lower 
side. One root in each species of Citrus aurantium.
Malus triloba. Euonymus europaeus. Rhodotypos kerrioides 
and Forsythia suspensa had centric "pith" but in the 
second root it was below centre in the first two species 
and above centre in the last three. In Ailanthus altissima 
and Clerodendron sp. one root in each species had the 
"pith" eccentric to the upper side and in the other, 
laterally displaced but in the horizontal median plane.
Of the two roots examined in each species of Malus 
pumila and Rosa far^esi. one had the "pith" above the 
centre and in the other below it. In Diospyros vir^iniana 
the "pith" in one root occupied a central position while 
in the second it was laterally displaced but in the 
horizontal median plane.
The occurrence of gelatinous fibres in horizontal and
vertical stems.
In the woody leguminous species examination 
was confined to more or less horizontal branches, but 
in herbaceous species, shoots as nearly vertical as 
possible were used. The reason for using differently
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oriented members in woody and herbaceous species was 
the frequent difficulty of obtaining horizontal shoots 
in the latter; it was, therefore, thought to be 
preferable to take vertical shoots which were readily 
available in nearly all the herbaceous material. Since 
tension wood is apparently confined to non-vertical stems, 
the value of studying vertical stems may be questioned 
but the study of robinia stems showed that gelatinous 
fibres might occur in vertical ones and these fibres are 
similar to those occurring in tension wood.
In the horizontal branches the position of the 
pith was very variable. These branches varied from one 
to twenty years in age. Four branches examined in each 
species of Laburnum anagyroides and Spartium ,iunceum 
had centric pith but in Halimodendron halodendron it 
was eccentric to the lower side. In hedysarum multiiugum 
and IndiKofera gerardiana three of the four branches in 
each species had centric pith but in the fourth it was
displaced to the lower side. In Sophora vicifolia.on
the other hand, the pith was centric in one branch, and 
below the centre in the other three. In Cercis
siliquastrum the pith was centric in two branches but
displaced to the lower side in the remaining two. One 
branch of Caragana arborescens had centric pith, in two 
eccentric to the lower side and in the fourth above the 
centre. In Colutea arborescens two branches had centric
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pith, in the third it was in the horizontal median 
plane but laterally displaced, and in the fourth 
eccentric to the lower side. In Petteria ramentacea 
two branches had pith above centre, in the third below 
it and in the fourth in the horizontal median plane 
but laterally displaced.
In all the ten species the gelatinous fibres 
were more abundant on the upper side of the pith and, 
indeed, were confined to the upper side in one of the 
four branches examined in each species of Cercis 
siliquastrum. Hedysarum multiquKum. Indigofera gerardiana 
and Laburnum anagyroides. Gelatinous fibres were present 
in almost all the growth rings of the upper side in all 
the woody species. In only three branches in each 
species of Caragana arborescens and Sophora vicifolia. 
two of Spartium ,iunceum and one of Petteria ramentacea 
did these fibres occur in nearly all the growth rings of 
the lower side. In no species were gelatinous fibres 
confined to the lower side. In one branch of Caragana 
arborescens and two of Hedysarum multijugum. the two 
youngest growth rings in the former and the youngest one 
in each instance in the latter, had gelatinous fibres 
on all radii.
Concerning the distribution of the gelatinous 
fibres in a growth ring :- above the pith, they were much 
more frequent in early wood and were not observed
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exclusively in the late wood or in the last few rows of 
late wood fibres. When, however, the gélatinisation was 
intense they did extend beyond the early wood, sometimes 
even throughout the whole v/idth of the growth ring.
The gelatinous fibres on the lower side of the pith 
showed a less regular distribution. In some instances, 
the distribution was irregular, sometimes the gelatinous 
fibres being too sparse to describe in relation to their 
position in a particular zone of a growth ring. Where 
the distribution was regular, a few specimens showed 
gelatinous fibres exclusively in early wood; more, 
exclusively in the late wood. Only in one branch in 
each species of Petteria ramentacea and Spartium junceum 
were they found in both early and late wood, sometimes 
extending throughout the growth ring.
In a few fibres of Petteria ramentacea and 
Spartium iuneeurn two "layers" were seen to be gelatinized. 
The G layer was sometimes thick, obliterating the lumen; 
sometimes it was distorted. Slip planes were invariably 
associated with gelatinous fibres but these were not 
necessarily present in every gelatinous fibre examined.
The pit mouths of gelatinous fibres sometimes joined up 
to form a slit-like structure.
Turning to the herbaceous species, of which 
nine were examined, no attempt was made to determine 
whether or not the pith was eccentric. The position of
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the gelatinous fibres was variable. In AnthyIIis 
vulneraria where four short stems were examined, 
gelatinous fibres occurred on all radii, but they were 
more numerous in some parts than in others. In Galega 
officinalis and Hedysarum coronarium two of the four 
stems in each species showed these fibres more or less 
regularly distributed, but in the other two they tended 
to be localised on one side. Three of the four stems 
of Lupinus subcarnosus. Thermopsis montana and Vicia 
faba had gelatinous fibres regularly distributed, while 
in the fourth, in each species they were more numerous 
on one side. Lathyrus nissolia and Melilotus alba showed 
these fibres exclusively on one side in all four stems of 
each species which were examined. In Medicago arabica, 
however, only one of four stems showed even distribution 
of these fibres while in three they had developed only 
on one side.
Two gelatinous "layers" were seen in a few 
fibres in Galega officinalis and Vicia faba. but this 
condition was very rare in Lupinus subcarnosus. The G 
layer was sometimes thick, obliterating the lumen, but 
commonly distorted. As in the woody species, slip 
planes and coalescent pit mouths were observed.
All the four Moraceous species examined were 
woody and in three, only horizontal branches, varying 
from one to fifteen years old, were examined. Of these.
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all the four branches of Madura pomifera and of Morus 
nigra showed a centric pith. In Ficus carica. of which 
again four branches were examined, two had centric pith 
and in two the pith was eccentric to the lower side, 
in one only slightly so. In all specimens, however, 
while the gelatinous fibres were more numerous and better 
developed toward the upper side they, nevertheless, were 
found also on the lower side. In only one branch of 
Ficus carica were these fibres confined to the upper 
side. In Ficus carica and Morus nigra the gelatinous 
fibres were present in nearly all the growth rings above 
the pith; the branches of Madura pomifera being one 
year old. Toward the lower side, only one branch of 
Morus nigra had gelatinous fibres in all the growth rings. 
Only one erect stem of Ficus elastica was examined and 
in this, the gelatinous fibres were found all around the 
stem but more plentifully on one side than the other.
In Ficus carica and Morus nigra the gelatinous 
fibres toward the upper side were commonly present in 
the early wood. In Ficus carica when gélatinisation was 
intense, these fibres occurred throughout a growth ring, 
including the last few rows of the late wood fibres, 
but in Morus nigra the very late wood fibres remained 
non-gelatinous. Toward the lower side the distribution 
of the gelatinous fibres was rather less regular, 
especially in Morus nigra where these fibres occurred
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sometimes only in the early wood and sometimes in the 
middle part of a growth ring. In Ficus carica these 
fibres occurred only in early wood and never in the 
late wood. In Madura pomifera the gelatinous fibres 
were irregularly distributed.
Distortion of the G layer commonly occurred 
in all four species, but in Ficus carica alone were 
two gelatinous "layers" sometimes seen. As in the 
leguminous species, slip planes were present and the 
pit mouths tended to join up.
In Ulmus procera only one of the four 
horizontal branches examined showed a pith eccentric to 
the lower side. In the other three branches the pith 
was centric. These branches ranged from twenty four to 
thirty five years old. Gelatinous fibres were present 
on the upper and the lower sides but were more numerous 
and better developed on the upper side. In all the 
branches the gelatinous fibres toward the upper side 
were present in nearly all the growth rings. In none 
of the branches did these fibres occur in all the growth 
rings below the pith.
Toward the upper side of the pith the gelatinous 
fibres occurred in the early v/ood and if gélatinisation 
was intense, throughout the growth ring, even in the 
last few rows of fibres of the late wood. Toward the 
lower side they were always found in the late wood, from
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the three oldest growth rings to the nine oldest ones.
The single G layer was commonly distorted,- 
but sometimes thick,considerably reducing the diameter 
of the lumen. Slip planes and coalescent pit mouths 
were present but not invariably.
In Urtica dioica. of which four more or less 
vertical aerial stems were examined, three showed 
gelatinous fibres on one side only, the fourth showed 
none. The single G layer was distorted. As in elm, 
slip planes and coalescent pit mouths were present.
THE OCCURRENCE OF GELATINOUS FIBRES IH THE HORIZONTAL
ARP VERTICAL ROOTS.
The occurrence of abundant gelatinous fibres 
with the characteristics of tension wood fibres in 
robinia roots suggested that such fibres might occur in 
the subterranean roots of other members of the Leguminosae. 
Moreover, it is known that the secondary xylem of the 
aerial woody members of this family may produce 
gelatinous fibres. Potter (1904) mentioned very briefly 
the presence of cellulose lining in the root fibres of 
Lupinus. Phaseolus. Polygala and Aesculus while Staber 
(1909) reported the occurrence of gelatinous fibres in 
Sesbania macrocarpa. The roots of twenty six members 
of the Leguminosae were investigated. In woody species 
more or less horizontally oriented roots were studied.
S3
These roots varied from one to sixteen years old. In 
the herbaceous species the tap roots and lateral roots 
were examined. There was a considerable variation in 
the position of the "pith" in the horizontal roots of 
fourteen woody species examined.
In Lespedeza buergeri. Lupinus arboreus and 
and Samanea saman all the four roots examined in each 
species had centric "pith". In Acacia dealbata. Petteria 
ramentacea. Colutea arborescens and Indigofera gerardiana 
two roots in each species had the "pith" eccentric to 
the upper side and in the other two it was below centre 
in the two former species and in central position in the 
two latter ones. In Laburnum anagyroides and Sophora 
vicifolia three roots in each species had centric "pith" 
but in the fourth it was displaced to the lower side in 
the former and to the upper side in the latter. In 
Caragana arborescens. Halimodendron halodendron and 
Spartium junceum two roots in each species had centric 
pith',' in the third it was eccentric to the upper side, 
and in the fourth to the lower side. Two roots of 
Cercis siliquastrum had the "pith" eccentric to the 
upper side, in the third to the lower side while in the 
fourth it was in the horizontal median plane but 
laterally displaced. Two roots of Hedysarum multijugum 
showed the "pith" in central position, in the third in 
the horizontal median plane but laterally displaced, and
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in the fourth it was eccentric to the upper side.
However, in all instances, gelatinous fibres 
were abundant and regularly distributed on all radii 
irrespective of the position of the "pith" and independent 
of the orientation of the organ with respect to gravity. 
(Fig. 7)* The topographical relationship which might be 
expected in tension wood was not found in these roots.
A zone of intense gélatinisation around the "pith" could 
not be differentiated as in robinia roots.
The distribution of gelatinous fibres in a 
growth ring on all the sides was regular as they were 
found throughout the width of the ring. As these fibres 
were equally abundant and well developed in both early 
and üfibe wood, it was difficult to associate these 
fibres with a definite zone of a growth ring as in the 
branches.
Two gelatinous "layers" were sometimes observed 
in Cercis siliquastrum. Colutea arborescens. Indigofera 
gerardiana. Laburnum anagyroides. Lespedeza buergeri. 
Lupinus arboreus. Petteria ramentacea. Sophora vicifolia 
and Spartium .junceum. The G layer was sometimes thick, 
reducing the lumen of such fibres and sometimes distorted. 
Slip planes (Fig.8) and continuous pit mouths were 
sometimes present.
In the twelve herbaceous species the position 
of the "pith" was not studied. In all the tap roots and
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Fig. 7. Caragana arborescens. Transverse 
section of root showing gelatinous 
fibres (treated with chlor-zinc- 
iodide). X 990.
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Fig. 8. Cercis siliquastrum. A gelatinous 
fibre of root showing slip planes, 
photographed in polarised light
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between crossed nicols. X 990.
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laterals examined, the gelatinous fibres were abundant 
and regularly distributed all around the "pith". Two 
gelatinous "layers" were sometimes seen in Hedysarum 
coronarium and Vicia faba. Sometimes the G layer was 
thick, reducing the lumen of fibres and sometimes 
distorted. Slip planes and coalescent pit mouths were 
present but not necessarily in every gelatinous fibre 
examined.
In this investigation of the roots of the woody 
and the herbaceous species of the Leguminosae, the 
gelatinous fibres, which were observed in all the species 
examined, possessed similar characteristics to those 
associated with tension wood fibres, the only difference 
between these two types of fibre apparently being in 
different positions in which they occurred.
In the woody Moraceous species in which more or 
less horizontally growing roots, varying from one to 
twenty five years old, were examined, the position of 
the "pith" was variable. In Ficus carica it was centric 
in all four roots. In Ficus elastica two roots had 
centric "pith" and in the other two it was displaced to 
the upper side. In three roots of Madura pomifera 
the "pith" was eccentric to the lower side while in the 
fourth it was displaced above the geometric centre. In 
Morus nigra one root had the "pith" in the horizontal 
median plane but laterally displaced, in two it was below
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centre and in the fourth it was displaced to the upper 
side.
The gelatinous fibres were abundant and 
regularly distributed on all radii around the "pith" 
in Ficus carica. Ficus elastica and Morus nigra. No 
distinct zone of intense gélatinisation around the "pith" 
was observed. However, in Ficus carica and Morus nigra 
there was a slight indication that the degree of 
gélatinisation was comparatively less in the youngest 
one to the youngest three growth rings. In Madura 
pomifera. however, where gelatinous fibres were abundant, 
there appeared to be a preponderance of them on the 
upper side. Above the "pith", in three roots, these 
fibres occurred in all the growth rings. On the lower 
side they were abundant only in the two oldest rings in 
these three roots, where they were distributed regularly 
around the "pith"; they were sparse in the younger rings. 
In the fourth root the gelatinous fibres were abundant 
in all growth rings and more or less regularly 
distributed on all radii, but appeared to be slightly 
more numerous on the upper side.
In all the members of the Moraceae examined the 
distribution of gelatinous fibres in a^growth ring was 
regular as they occupied the whole width of the ring.
As the degree of gélatinisation was almost the same both 
in early and late wood, these fibres could not be
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associated with a definite zone of a growth ring.
Moreover, in Ficus carica and Morus nigra the growth 
rings were indistinct, markedly so in the former.
The G layer was commonly distorted but 
sometices it was thick, almost obliterating the lumen 
of such fibres. Two gelatinous "layers" were sometimes 
seen in Madura pomifera and Morus ni^ra. While in 
Ficus carica two to four gelatinous "layers" were noted 
(Fig. 9)* Slip planes were present but not in every 
gelatinous fibre examined. Sometimes the pit mouths of 
gelatinous fibres tended to be continuous.
The occurrence of gelatinous fibres in two 
vertically growing roots of Ficus carica where the "pith" 
was centric in one and eccentric in the other, was 
similar to that in the horizontal roots.
The position of the "pith" in eight horizontally 
oriented roots of Ulmus procera was variable, these roots 
ranging from six to about eighteen years old. In three 
roots it was below centre, in two above it, in two it 
was centric and in one it was in the horizontal median 
plane but laterally displaced.
The gelatinous fibres were abundant and 
regularly distributed on all radii in four of these 
roots. In the fifth root these fibres were abundant in 
five or six oldest rings but less numerous in the three 
youngest growth rings. In the remaining three roots the
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Fig. 9* Ficus carica. Transverse section 
of root showing gelatinous fibres 
(treated with chlor-zinc-iodide). 
A fibre in the upper part of the 
figure (X) shows three gelatinous 
"layers". X 990.
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gelatinous fibres were abundant and regularly 
distributed in some of the oldest rings around the 
"pith". These fibres were almost confined to the 
four oldest growth rings in an eight year old root, 
the five oldest growth rings in an eleven year old 
root and the eight or nine oldest growth rings in an 
approximately sixteen to eighteen year old root. Apart 
from these growth rings, gelatinous fibres were very 
few and even isolated. A more or less similar 
distribution of gelatinous fibres in robinia roots was 
mentioned earlier. Where abundant, the distribution of 
gelatinous fibres in elm was regular for they occupied 
the whole width of the growth ring. These fibres did 
not seem to be better developed nor were they more 
frequent, in any particular zone of a growth ring.
No attempt was made to determine the position 
of the“pith in four one year old nettle roots. The 
gelatinous fibres were regularly distributed around the 
"pith". Both in elm and the nettle the single G layer 
was commonly distorted. Slip planes and continuous pit 
mouths were present but not in every gelatinous fibre 
examined.
In the Euphorbiaceae all the plants examined, 
except Euphorbia peplus were woody but in the Onagraceae 
all were herbaceous except Fuchsia magellanica. No 
attempt was made to find the position of the "pith" in
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these one year old roots. Five species were examined 
in the Euphorbiaceae and eight in the Onagraceae. Four 
roots were examined in each species. More or less 
horizontally growing roots of the woody species were 
studied but in the herbaceous plants the tap roots and 
the lateral roots were examined.
All the species of the Euphorbiaceae, i.e. 
Acalypha hispida. Acalypha wilkesiana. Euphorbia peplus. 
Pedilanthus tithymaloides and Phyllanthus anp;ustifolius 
showed regular distribution of abundant gelatinous fibres 
on all radii except that one root of Phyllanthus 
angustifolius had only a few gelatinous fibres all around 
in the immediate vicinity of the "pith".
The occurrence of gelatinous fibres was rather 
variable in the Onagraceae. In Lopezia coronata they 
were abundant and regularly distributed on all radii.
In Gaura lindhemeri such fibres were quite numerous and 
regularly distributed on all radii in two roots, in the 
third they were more numerous on one side and in the 
fourth, confined to one side. In Clarkia elegans and 
Eucharidium concinnum a few gelatinous fibres were found 
in three roots of each plant and none in the fourth.
As in Godetia amoena these fibres were more numerous on 
one side than on the other. In Fuchsia magellanica and 
Oenothera erythrosepala only a few gelatinous fibres were 
found all around in the immediate vicinity of the "pith".
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Similarly, in two roots of Epilobium adenocaulon very 
few such fibres were found, in the third they were 
confined to one side and were sparse, while in the 
fourth they were absent.
In all the species of the Euphorbiaceae and 
the Onagraceae examined, the single G layer was commonly 
distorted. Slip planes and coalescent pit mouths were 
present but these were not found in every gelatinous 
fibre.
In Punicaceae, Anacardiaceae, Phamnaceae and 
Hamamelidaceae one plant in each family was examined.
In both Punica granaturn and Cotinus coggyria four roots 
were examined. Of these, in each species, two had 
centric "pith"; in the third it was eccentric to the 
upper side and in the fourth it was displaced below the 
geometric centre. These roots varied from one to eleven 
years in age.
In Cotinus coggyria the gelatinous fibres 
were abundant in all growth rings around the "pith" and 
were evenly distributed throughout the width of a growth 
ring. In Punica granaturn a seven to eight year old root 
had abundant gelatinous fibres all around the "pith" in 
the two oldest growth rings but only a few in the third 
growth ring and none in the remaining ones. In one of 
the two, two year old roots, these were quite numerous 
all around the "pith" in the oldest growth ring but
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sparse in the second ring; in the other root they were 
confined to the oldest ring. In the fourth root which 
was one year old, the gelatinous fibres were more 
numerous toward the upper side. Where abundant, these 
fibres occupied the whole width of a growth ring but when 
few, they were scattered and irregular in distribution.
In Rhamnus purshiana and Hamamelis mollis 
three roots in each had the "pith" eccentric to the 
upper side ; in the fourth it was displaced to the lower 
side in the former, and laterally displaced but in the 
horizontal median plane in the latter.
In Rhamnus purshiana the gelatinous fibres 
were moderately frequent in two roots but few in the 
other two. Of these, in three roots they were more 
numerous toward a lateral and lower side but in the fourth 
these were few and confined to the upper side. In 
Hamamelis mollis a few scattered gelatinous fibres were 
present all around the "pith" in three roots, but were 
absent in the fourth where the apparently normal fibres 
were slightly lignifled. In both Rhamnus purshiana and 
Hamamelis mollis the distribution of the gelatinous 
fibres in a grov/th ring was irregular.
In all the four species the single G layer 
was commonly distorted. Slip planes and continuous 
pits were present but not necessarily in every gelatinous 
fibre examined.
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It is interesting to note that gelatinous 
fibres were also found in the petioles of Cercis 
siliquastrum (Fig. 10), rachises of Caragana arborescens. 
pedicels of Lathyrus nissolia. Spartium junceum and 
Vicia faba and rhizomes of Thermopsis montana. Time 
did not permit a detailed examination of these fibres 
and the possible occurrence of such fibres in similar 
organs of different dicotyledonous species.
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' 1 Fig. 10. Cercis siliquastrum. Transverse
section of petiole showing gelatinous 
fibres (treated with chlor-zinc-iodide) 
The gelatinous layer appears dark, 
obliterating the lumen. X 990.
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SQIviE OBSERVATIONS ON COMPRESSION WOOD.
Preliminary examination of horizontally lying 
roots of Ginkgo biloba L., Taxus baccata L., Torreya 
californica Torr., Podocarpus andinus Poepp., Tsuga 
canadensis Carr., Cedrus libani Loud., Cryptomeria 
japonica D. Don, and Metasequoia glyptostroboides Hu 
and Cheng revealed no conclusive evidence of compression 
wood. These roots varied from 3 to 44 years in age as 
far as this could be estimated on ring counts.
The position of the "pith" in these roots was 
very variable. In Ginkgo biloba and Torreya californica 
a single root examined in each, had a centric "pith".
In Taxus baccata the "pith" in the single root studied 
was displaced to the lower side. In one root of Podocarpus 
andinus the "pith" was centric, in another it was laterally 
eccentric but lying in the horizontal median plane. In 
all the three roots of Tsuga canadensis the position of 
the "pith" was variable. In one root the "pith" was 
centric, in the second it was slightly eccentric to the 
lower side and in the third root it was displaced to the 
upper side. In one root of Cedrus libani the "pith" 
was eccentric toward the lower side, in another the 
eccentricity was toward the upper side. In Metasequoia 
glyptostroboides two roots had the "pith" above the
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geometric centre, in the third it was eccentric to the 
lower side and in the fourth it was laterally eccentric 
but in the horizontal median plane. In Cryptomeria 
japonica the single root examined had the "pith" toward 
the upper side.
In Taxus baccata. Torreya californica.
Podocarpus andinus. Tsuga canadensis and Cedrus libani 
a few intercellular spaces between the tracheids of the 
secondary xylem were found (Fig. 11). They were scattered 
on all sides irrespective of the position of the "pith".
In contrast with the characteristic compression wood, 
these tracheids did not take a more intense colour with 
phloroglucinol-hydrochloric acid. Oblique checking 
was not found on the wall of these tracheids. It is 
felt that a far more intensive research would be needed 
to indicate whether compression wood occurred in 
gymnosperm roots.
The occurrence of compression wood was studied 
in the horizontal branches of Taxus baccata. Torreya 
californica. Tsuga canadensis and Metasequoia glypto­
stroboides . These branches varied from three to fifty 
eight years old.
Four branches were examined in each species 
and in all these, the pith was displaced to the upper 
side except in three branches of Metasequoia glypto­
stroboides where it was centric, while in the fourth.
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Fig. 11. Cedrus libani. Transverse section
of root showing intercellular spaces 
between tracheids (characteristic of 
compression wood). X 990.
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to the lower side. Compression wood was confined to the 
lower side in all instances except in the fourth branch of 
Metasequoia pclyptostroboides where it also occurred above 
the pith. Compression wood tracheids appeared round in 
transverse section leaving intercellular spaces and were 
more strongly lignifled than the normal wood tracheids.
The layer comparable to the S 3 layer of the normal wood 
was either absent or, if present, it was very thin and 
poorly developed.
In Metasequoia ^lyptostroboides the compression 
wood toward the lower side occurred mainly in the early 
wood. In Taxus baccata and Torreya californica the 
compression wood was so abundant and pronounced throughout 
the width of a growth ring that it could not be determined 
with certainty whether this anomaly was more common or better 
developed in one zone of the growth ring than in the other. 
However, in the branches examined there was slight evidence 
that the compression wood was better developed in the early 
wood than in the late wood. In Tsu^a canadensis it common­
ly occurred in the late wood and the late early wood, but 
sometimes occupied the whole width of the growth ring.
In Metasequoia glyptostroboides the compression 
wood toward the upper side occurred in the late wood, 
not in the early wood as on the lower side.
In both Tsuga canadensis and Metasequoia 
glyptostroboides the characteristic spiral striations
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were present in the compression wood tracheids. Although 
the pit mouths of the compression wood tracheids of 
Taxus baccata and Torreya californien were distorted 
and elongated as in the above two species, no spiral 
striations were observed even when other characteristic 
features of this abnormal wood were distinct and 
prominent. In Taxus baccata and Torreya californica the 
spiral thickening in the compression wood tracheids was 
more sparse and less distinct than in the normal wood 
tracheids, but such thickening occurred throughout the 
width of the growth ring, both in normal wood and 
compression wood.
An interesting feature was noted concerning 
the inclination of the spiral thickening with respect to 
the long axis of the cell in normal and compression wood. 
In the normal wood tracheids the spirals were more or less 
transverse to the long axis of the cell (Fig. 12), while 
in the compression wood tracheids they were oriented 
at about 45^ (Fig. 13). The orientation of the distorted 
pit mouths in the compression wood tracheids was similar 
to that of the spirals, i.e. about 45^ in such tracheids. 
(See Fig. 13). On the other hand, in the normal wood 
tracheids the pit mouths, when elliptical, were sometimes 
oriented at about 45^; sometimes at a smaller angle.
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Fig. 12. Taxus baccata. Radial longitudinal 
section of normal branch wood 
showing the angle of inclination 
of the spiral thickening to■the long 
axis of the cell. X 270.
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Fig. 13. Taxus baccata. Radial longitudinal 
section of compression wood showing 
the angle of inclination of the spiral 
thickening to the long axis of the 
cell. In the centre, an elongated 
pit mouth can be faintly seen (X).
Note the orientation of this pit 
mouth. X 270.
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DISCUSSION
In this investigation concerning the 
occurrence of gelatinous fibres, both woody and 
herbaceous species were examined and both the roots 
and the branches were studied. As these two organs 
normally grow under totally different environmental 
conditions the occurrence, the distribution and the 
possible cause of gelatinous fibres can be considered 
more critically, for at least, in the case of under­
ground members the direct bending effect due to gravity 
will be eliminated since the root is fully supported 
along its length.
The normal position of tension wood in a 
horizontal branch is on the upper side of the pith.
In the horizontal branches examined the gelatinous 
fibres, when present, were almost always more abundant 
and better developed on the upper side and sometimes 
even confined to this side. Irrespective of the position 
of the pith, these fibres toward the upper side are 
considered as tension wood fibres. However, sometimes 
gelatinous fibres also occurred below the pith. It is 
difficult to differentiate between gelatinous fibres 
occurring on the lower side and the tension wood fibres 
normally occurring above the pith except by position.
In one horizontal branch of Robinia pseudoacacia the 
gelatinous fibres were more abundant and better developed
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below the pith than above it. On the whole, it is 
considered here that the only difference between these 
differently named fibres lies in the different positions 
in which they are found. Gelatinous fibres were found 
in some woody and herbaceous roots, both horizontal and 
vertical, and in more or less vertically grœring herbaceous 
and woody stems. Unlike those in woody branches, the 
gelatinous fibres in such roots were on the whole more 
or less regularly distributed all around the "pith".
The degree of gélatinisation was more intense in the 
roots than in the branches. Gelatinous fibres were also 
found in a few members of the Leguminosae in rhizomes, 
petioles, pedicels and rachises. The gelatinous fibres 
occurring in different plant organs of herbaceous and 
woody species are so similar to tension wood fibres in 
their characteristic features that it is difficult to 
regard the occurrence of such gelatinous fibres as a 
manifestation of some different and distinct phenomenon.
It is concluded that the gelatinous fibres, irrespective 
of their position and the organ in which they occur, 
and the tension wood fibres, are the cytological 
expression of the same phenomenon and should be regarded 
as one type of fibre. Sato (1956) suggested that 
gelatinous fibres occurring in herbaceous stems are 
similar in their characteristics to those in woody stems.
It is interesting to note that although tension
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wood was common in the branch wood of beech, oak, 
hornbeam, birch and horse chestnut, it was rare or 
absent in the root wood of the same individual tree.
The results obtained during the course of this study 
were referred by Jane (m jyresî) and from the data then 
available, it was reported that except in Leguminosae, 
tension wood was rare in roots, even in trees where it 
was common in the wood of aerial parts. As tension 
wood fibres were subsequently found in the roots of 
Moraceae, Ulmaceae, Urticaceae, Euphorbiaceae, Onagraceae, 
Punicaceae, Rhamnaceae, Hamamelidaceae and Anacardiaceae, 
it is realized that an intensive research in this field 
might show a wider occurrence of such fibres in roots. 
However, a preliminary examination of a few gymnosperm 
roots indicated that compression wood did not occur in 
roots, even in plants in which it was present in the 
branches.
It is generally believed that tension wood is 
associated with the eccentricity of the pith toward the 
lower side. However, instances were noted both in the 
roots and the branches where the tension wood was 
accompanied by less xylem growth on the upper side.
Similar observations for branches have been previously 
recorded (Clarke, 1939a; Maara, 1942 ; Wardrop, 1956).
The intensity of gélatinisation seemed to be independent 
of the degree of eccentricity of the pith toward the
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lower side, as abundant and well developed tension wood 
fibres were present in some branches and roots with a 
centric pith. Rendle (1957), Dadswell and Wardrop 
(1949) and Wardrop (1956) also reported the presence 
of such fibres even when no eccentricity was apparent.
It is not known whether these authors recorded these 
instances in horizontal branches or leaning trunks. It 
seems very likely that formation of tension wood is not 
invariably associated with more extensive xylem growth 
toward the upper side. It might even be questioned 
whether more xylem growth toward the upper side and 
tension wood formation are the results of the same 
phenomenon. This statement finds further support from 
the results obtained in instances where tension wood 
was not found in some branches and in some roots in which 
the eccentricity of the pith toward the lower side was 
quite marked. Similarly, in gymnosperm roots, although 
the "pith" was sometimes toward the upper side, true 
compression wood was not found.
Kny (19O8) found that horizontal roots were on 
the whole radially symmetrical but when rain or other 
influences had cleared away the soil, they showed more 
xylem growth toward the upper side in dicotyledons but 
less in the conifers. Sinnott (I960) also indicated 
that horizontally growing subterranean roots showed 
little or no change from radial symmetry. On the
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contrary, in the present investigation an examination 
of similarly oriented underground roots of several 
species of dicotyledons and gymnosperms revealed that 
the position of the "pith" was more often eccentric than 
centric. When an underground root increases in girth 
it clearly exerts increasing pressure on the surrounding 
and supporting soil. It is quite likely that along the 
length of a growing root, the compactness or hardness 
of the soil touching the root surface may be variable.
In such circumstances width of a growth ring may not only 
depend upon the cambial activity but also at times on 
the space available or made available for the expansion 
of the growing tissue. In the present study instances 
have been observed in a single root length where the 
"pith" lay in different positions varying from above to 
below the geometric centre.
Onaka (1949) reported that eccentric growth 
did not occur in shrubs except in Gardenia and Buxus 
where more xylem growth occurred on the lower side. 
However, in this study, four branches examined in each 
of eight shrubby species of Leguminosae, the pith was 
centric in fourteen branches, toward the lower side in 
thirteen, toward the upper side in three and laterally 
displaced in two.
Eccentricity of the pith toward the lower side 
in a horizontal branch is not invariably accompanied by
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the presence of gelatinous fibres on the upper side.
Even though the pith was eccentric toward the lower side 
in lime branches, there was no evidence of gelatinous 
fibres in any branch examined, but the fibres above the 
pith were slightly less lignified than those below it. 
Rendle (1937) considers that gelatinous fibres are of 
more common occurrence in hardwoods than is generally 
realized and he accepts that there are probably very 
few species in which they never occur. Nevertheless,
Onaka (1949) recorded some dicotyledonous species where 
eccentricity occurred in the branches without the 
formation of gelatinous fibres and as far as is known 
at present, gelatinous fibres never occur in the secondary 
xylem of some plant species. Moreover, roots of a number 
of dicotyledonous species examined did not possess such 
fibres. In these roots the degree of lignification of 
the fibres varied from being more or less unlignified to 
a lignified condition, but in a single transverse' disc 
of any of these roots, the lignification was more or less 
uniform all around the "pith", unlike the lime branches 
just mentioned.
Clarke (1939h) referred to the less lignified 
but non-gelatinous fibres on the upper side of ash 
(Eraxinus) branches as tension wood fibres. According 
to him, the weakly lignified fibres of different species 
which do not produce the G layer, correspond to gelatinous
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fibres in other species. Although tension wood fibres 
(i.e. fibres with a G layer) are less lignified than 
the comparable normal fibres, it is suggested by the 
present writer that true tension wood fibres and merely 
less lignified fibres without the G layer cannot be 
considered as one type of fibre. On the other hand, 
Dadswell and Wardrop (195^) suggested that there might 
be several stages of tension wood formation, one of which 
might be a general lack of lignification in the secondary 
wall, but no development of a G layer. Such wood, showing 
a general lack of lignification has been termed "incipient 
tension wood" (Dadswell and Wardrop, 1954, 1956) and it 
is desirable that such fibres should be differentiated 
in some way from those of true tension wood. However, 
according to the present author, the term "incipient 
tension wood" might suggest that the factor or complex 
of factors responsible for the formation of the G layer, 
might in time result in the formation of gelatinous fibres 
from merely weakly lignified fibres. It is difficult to 
understand how the more or less transversely oriented 
micelles in the S 3 layer which is commonly present in 
such weakly lignified non-gelatinous fibres, could become 
more or less axial and thus assume the characteristic 
position which they have in the G layer. Such a change 
in the architecture of the cell wall seems very unlikely.
The staining reactions obtained on the secondary
gwall of fibres with chlor-zinc-iodide and with safranin- 
light green (or safranin-fast green) are sometimes 
conflicting. Dadswell and Wardrop (1954) and Dyer
(1956) reported green coloration of the secondary wall 
of ash (Eraxinus) fibres v/ith safranin followed by light 
green, but these authors have not referred to such fibres 
as gelatinous fibres. Jutte and Isings (1955) obtained 
similar coloration with safranin-fast green but with 
chlor-zinc-iodide the secondary wall did not give a 
positive cellulose reaction; and with phioroglueino1- 
hydrochloric acid it turned light pink, indicating slight 
lignification. The present author failed to demonstrate 
a G layer in ash with the help of chlor-zinc-iodide. 
Having failed to obtain a positive cellulose reaction 
with chlor-zinc-iodide in ash fibres, Jutte and Isings
(1955) attempted to demonstrate a layer identical with 
a typical G layer with the help of the phase contrast 
microscope. It seems that these authors have associated 
slight separation of the inner layer of the secondary 
wall, which is slightly lignified, with the distortion 
of the true G layer. The distortion of a lignified 
secondary wall can also be seen in Cedrus. Taxus, and 
other conifers. Wardrop and Dadswell (1948) and 
Dadswell and Wardrop (1954) indicated that the G layer 
in tension v/ood fibres of various species examined by 
them contained no trace of lignin. It is suggested
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here that a merely less lignified inner layer of the 
secondary wall should not be considered as a G layer, 
as these two layers are different in chemical composition 
and in the orientation of their micelles, these in the 
G layer being always almost axial, whereas in a weakly 
lignified inner layer which is commonly the S 3 layer, 
the micelles are arranged nearly transversely to the 
long axis of the cell. A true G layer gives a positive 
cellulose reaction with chlor-zinc-iodide but does not 
stain with phloroglucinol-hydrochloric acid. It was 
noted that in gelatinous fibres the pit mouths are more 
slit-like than those of fibres without a true G layer. 
Moreover, the pit mouths of the gelatinous fibres are 
oriented more or less parallel to the long axis of such 
cells whereas in merely less lignified fibres they are 
commonly inclined.
The International Association of Wood Anatomists
(1957) defines a gelatinous fibres as "a fibre having a 
more or less unlignified wall with a gelatinous appearance". 
In the present work it is preferred to define a gelatinous 
fibre as "a fibre having a thin or thick unlignified, 
cellulosic wall (G), in which the micellar orientation 
is almost axial".
It appears that much less attention has been, 
so far, given to the location of the tension wood fibres 
in a growth ring. In the present study the distribution
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of these fibres in a growth ring above the pith was 
found to be more or less constant in branches of all 
the species examined except in Madura pomifera and 
sometimes in Hedysarum multijugum and Petteria ramentacea. 
Where the distribution of these fibres was constant they 
occurred in the early wood, sometimes extending into 
the late wood. In some instances, when the gélatinisation 
was intense the tension wood fibres were found throughout 
the width of a growth ring, even occurring in the last 
few rows of late wood fibres. Rendle (1936) recorded 
a similar distribution for English oak. Clarke (1937) 
and Walek-Czernecka and Smolinski (1956) did not find 
tension wood fibres in the last formed late wood, 
possibly because they examined samples with not very 
strongly developed tension wood. Dyer (1956) stated 
that tension wood was not necessarily formed in the early 
wood but might occur equally in early and late wood. It 
seems that he has generalised on the distribution of 
these fibres above the pith and below it.
Toward the lower side of the pith, the tension 
wood fibres were sometimes distributed rather irregularly; 
sometimes regularly. VÆien regularly distributed, these 
fibres sometimes occurred in the early wood, but slightly 
more often in the late wood. Limited evidence thus 
obtained, suggested that the distribution of tension wood 
fibres, above the pith and below it, tended to be the
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reverse with respect to a definite zone of a growth ring. 
Dyer (1956) found in a twig of Betula alba two arcs of 
tension wood on the upper side alternating with two 
similar bands on the lower side, and considered that 
this indicated that such bands of tension wood on two 
opposite sides had developed at different times. At 
present, it is believed that the function of reaction 
wood in a branch or stem is to maintain the normal 
position of the member (Hartmann, 1932; Sinnott, 1952, 
I960; Dadswell and Wardrop, 1954-; Dyer, 1956; Wardrop, 
1956). If this is true, then the different distribution 
of tension wood fibres above and below the pith can be 
explained. If more tension wood is produced above the 
pith than is required then this anomaly should develop 
on the lower side at a different time to counterbalance 
the effect produced by excess tension wood on the upper 
side. As the upper side of a horizontal dicotyledonous 
branch is regarded as mainly responsible for maintaining 
the normal position of the member by the development of 
abnormal tissue, the lower side helps in performing 
the same function, only when required, possibly more 
often after the earlier part of the growth ring is laid 
down. In only a few instances did these fibres occur 
throughout the width of a growth ring below the pith 
viz: Robinia pseudoacacia, Sophora vicifolia and
Spartium junceum.
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An interesting feature concerning the 
distribution of tension wood fibres was observed in 
Aesculus hippocastanum. Toward the upper side these 
fibres commonly occurred in the late wood and late early 
wood, but sometimes throughout the growth ring. On 
the lower side the distribution was rather irregular 
but it was noted that these fibres showed less tendency 
to occupy the late wood.
Turning to the distribution of compression 
wood in a growth ring below the pith, it was found that 
in Taxus baccata and Torreya californica this anomaly 
was abundant throughout a growth ring, but less 
pronounced and sometimes absent in the very late wood.
In Metasequoia glyptostroboides it was common in the 
early wood, whereas in Tsuga canadensis it commonly 
occurred in the late wood and the late early wood, but 
sometimes occupied the whole width of the growth ring.
In only one branch of Metasequoia Klypto- 
stroboides did the compression wood occur on the upper 
side. It differed from that of the lower side in 
being in the late wood.
Pillow and Luxford (1957) state, "the greatest 
variations between compression wood and normal wood 
occur in the summer wood. The summer wood fibres of 
compression wood usually are nearly circular in cross 
section whereas those of normal wood are more or less
8 6
rectangular. Intercellular spaces frequently occur in 
the summer wood of compression wood at the junction of 
foux' cells. Checks in the secondary walls of the cells 
are also found in the summer wood of compression wood." 
Brown, Panshin and Forsaith (1949) similarly state, "the 
structural variations that are features of typical 
compression wood are largely confined to the summer 
wood." Both these statements, implying that compression 
wood is more common or confined to summer wood are not 
in agreement with the observations recorded in this 
study.
In dicotyledonous roots, the tension wood 
fibres, when present, were commonly abundant on all 
radii and in almost all instances were uniformly 
distributed throughout the width of a growth ring. The 
abundance of these fibres made it rather impracticable 
to determine whether they were better developed in one 
zone of a growth ring than the other. Where a few 
gelatinous fibres occurred in some roots, especially 
in the youngest wood, their distribution was irregular.
The uniformity of the distribution of tension 
wood fibres in the growth rings of the root^ and also 
its regular distribution on all sides, was a remarkable 
feature of the tension wood not seen in stems.
Onaka (1949) found more auxin on the lower 
side of horizontal conifer branches. Wershing and
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Bailey (1942) applied indole-3-acetic acid to one side 
of an erect stem of Finns strobus and found that more 
xylem developed here than on the opposite side, and that 
the tracheids of this xylem showed the characters of 
compression wood. Secondary xylem with the characters 
of compression wood has been obtained with the help of 
auxins (Onaka, 1949; Balch, 1952; Fraser, 1952).- 
The presence of a greater concentration of 
auxin on the lower side of a branch therefore might 
suggest the possibility that more xylem would be laid 
down on this side and that the characters of compression 
wood might be developed in it. It is not readily 
apparent that the same explanation can be offered for 
the formation of tension wood on the upper side of a 
horizontal dicotyledonous branch. It may be observed, 
however, that compression wood is more lignified than 
normal wood and, similarly, that tension wood is less 
lignified than normal wood, i.e. in both, the greatest 
degree of lignification occurs in the lower side. It 
is possible, therefore, that both types of reaction wood 
may be manifestation of the same phenomenon, although 
different in degree. On the other hand, it is on the 
lower side of a horizontal branch that most xylem 
develops in compression wood in conifers and on the 
upper side in tension wood in dicotyledons and Sato’s 
(1956) observations might suggest that auxins inhibit
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rather than stimulate development of the secondary 
xylem of dicotyledons. He observed that in a vertical 
stem of Abelmoschus esculentus■(Hibiscus esculentus) 
less xylem was produced on the side to which oc naphthalene 
acetic acid had been applied, while in a horizontal stem 
of jute the formation of tension wood could be retarded 
by the application of indole-3-acetic acid.
Although such observations may suggest possible
causes of compression wood and tension wood, it would
be rash to attempt to formulate any definite conclusions.
It does not seem that the natural occurrence of tension/ 1
wood on all radii of a root might be accounted for^the 
irregular distribution of auxins.
Even in roots where tension wood fibres were 
not found, the lignification of the fibres was more or 
less uniform on all sides, unlike that of the branches. 
Uniform lignification of the tracheids and the fibre- 
tracheids on all radii was also noted in a fev/ horizontally 
growing gymnosperm roots examined where compression wood 
was not found, although this anomaly is common in the 
branches. In his study of wood structure of conifer 
roots, although Bannan (1941) reported that "a fine- 
textured, stem-like wood was found in the roots of small 
trees, in the upper side of buttress roots of mature 
trees, about the periphery of the largest lateral roots, 
in roots exposed by soil erosion, and in vertical roots
deep in the soil", he has not described any structural 
features which might be associated with compression wood.
There is ample evidence that compressional and 
tensional forces are not necessary in the formation of 
compression wood and tension wood. Hartmann’s (1932) 
view of the role of reaction wood in stems, that is to 
maintain or restore the normal position of a member, 
has received support from recent investigations. Such 
a view may be accepted for stems but it does not explain 
at all the occurrence of regularly distributed tension 
wood in some horizontal and vertical roots.
V/ardrop (1960-61) considers regular or markedly 
convoluted nature of the G layer as seen in a transverse 
section partly as a characteristic of certain families 
or genera. However, it was noted in the present study 
that the outline of the G layer was sometimes variable 
within the width of a growth ring. Moreover, the degree 
of separation of the G layer from the rest of the cell 
wall, as seen in macerations, may vary even in the 
length of a single gelatinous fibre. Sometimes the G 
layer was so markedly convoluted that at times it was 
difficult to understand how this layer could ever have 
been in contact over its whole surface with the rest of 
the cell wall. Wardrop and Dadswell (1948) made a 
similar observation.
Although two gelatinous "layers" (rarely three
9o
or four) were observed in a few fibres of some species, 
it is considered that these "layers", in #iich the 
micellar orientation appeared to be almost axial, 
constitute one G layer. As far as is known, the G 
layer has never been reported as consisting of two 
to four "layers".
As reported by Wardrop and Dadswell (1955), 
it appeared that the G layer was superimposed on the 
S 1 layer or the S 2 layer. Well developed tension 
wood fibres commonly possessed a two-layered type of 
structure, i.e. S 1 and G. The rare four-layered type 
of tension wood fibres referred to by Wardrop and 
Dadswell (1955) was not observed in this work. According 
to Onaka (1949), each type of cell wall organisation is 
limited to certain genera or families, whereas the 
present observations support the view (Wardrop and 
Dadswell, 1955) that both the tv/o and three-layered types 
can be seen in the same specimen.
It is known that in most cases the normal 
secondary wall of dicotyledonous fibres and of conifer 
tracheids and fibre-tracheids has three layers (Bailey 
and Kerr, 1955)- As the tension wood fibres are commonly 
two layered (S 1 and G) or three layered (S 1, S 2 and 
G), it is clear that tension wood formation results in 
the decrease of the number of normal secondary wall 
layers, the G layer being an abnormal layer. Similarly,
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the layer comparable with the S 3 layer is commonly 
absent in compression wood tracheids, and if present, 
is poorly developed (Munch, 1938 ; Onaka, 1949 ;
Wardrop and Dadswell, 1950). Moreover, in compression 
wood tracheids the layer comparable with the S 2 layer 
is an abnormal layer as far as micellar orientation and 
increased lignin content are concerned.
Onaka (1949) reported the occurrence of slit­
like pits running parallel to the cell axis in tension 
wood fibres. It v;as noted in the present investigation 
that in the tension wood fibres, the mouths of two, or 
sometimes more, pits frequently coalesced to form a long 
slit-like aperture. These slit-like apertures ran 
parallel to the long axis of the cell, possibly 
indicating a similar orientation of the micelles in the 
G layer as reported by Onaka (1949). In compression 
wood tracheids the spiral checks may be associated with 
bordered pits and appear to extend from the pit mouths; 
here again, the orientation of such mouths is similar 
to that of the micelles in the layer comparable with the 
S 2 layer. Apart from the checks associated with pit 
mouths, the compression wood tracheids of Taxus baccata 
and Torreya californica did not appear to possess the 
very fine spiral striations which are known to be 
characteristic features of compression wood tracheids.
In a study of the orientation of the spiral
thickening in the normal wood tracheids of Pseudotsu^a 
taxifolia and Taxus baccata. Wardrop and Dadswell (1951) 
found that the angle of inclination of this thickening 
to the cell axis decreased with the increasing cell 
length from the pith outwards. From this it might be 
inferred that the angle of inclination of the spiral 
thickening to the long axis of a compression wood tracheid 
would be greater than that of the comparable normal wood 
tracheid which is longer than the abnormal cell. However, 
in Taxus baccata and Torreya californica. it was observed 
that in the normal tracheids and the fibre-tracheids 
the angle of inclination of the spiral thickening to the 
long axis of the cell remained more or less transverse 
while in the compression wood tracheids it remained at 
about 45^, paralleling the orientation of the elongated 
pit mouths and also possibly indicating the micellar 
angle in the layer comparable with the normal S 2 layer, 
the S 5 layer being absent. On the other hand, in both 
these species the more or less transversely inclined 
spirals of the normal tracheids were usually associated 
with circular pit mouths. When the mouth was elliptical, 
the long axis of the mouth was oriented at about 45^ or 
sometimes at a smaller angle. It is possible that the 
spiral thickening in the normal wood tracheid does not 
indicate the micellar angle in the S 2 layer because
this thickening is laid on the S 3 layer in which the
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micellar angle is roughly transverse, i.e. the same 
as the inclination of spiral thickening. Pillow and 
Luxford (1937) stated that the orientation of spiral 
thickening had no relation to that of the fibrils.
The difference in the inclination of the spiral thicken­
ing in the normal and compression wood tracheids, as 
mentioned above, could also be seen in two adjacent 
tracheids, one normal and the other abnormal. In 
contrast to Wardrop and Dadswell’s (1931) results, it 
is noted that in a compression wood tracheid the angle 
of inclination of the spiral thickening to the long axis 
of the cell, in the Taxus baccata and Torreya californica 
examined, is smaller than that of the comparable normal 
wood tracheid.
Pillow and Luxford (1937) stated that the 
spiral thickening in Douglas fir and a few other 
conifers (sic.) was less, and also less distinct in 
compression wood than in normal wood. According to them, 
in pronounced compression wood the spiral thickening was 
confined almost wholly to the early spring wood cells, 
whereas, in normal wood, it occurred throughout spring 
wood and in early summer wood. Although such a 
distribution of spiral thickening in normal tracheids 
of Douglas fir seems to be the rule (Phillips, 1948; 
Brown, Panshin and Porsaith, 1949; Jane, 1936), it 
should be noted that according to these authors the
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spiral thickening is found throughout the growth ring 
of normal wood of Taxus and Torreya, while in Picea 
and Larix  ^ spiral thickening when it occurs, is confined 
to the late wood (Phillips, 1948; Jane, 1956). In this 
study, the spiral thickening in the compression wood 
tracheids of Taxus baccata and Torreya californica was 
less, and also less distinct than in the normal wood 
tracheids. However, in both species, this thickening 
occurred throughout the width of a growth ring, both 
in the normal wood and in pronounced compression wood.
Brown, Panshin and Porsaith (1949) reported 
that the angle of the spiral thickening was dependent 
on the width of the cell and thickness of the cell wall 
and for this reason, according to them, the summer wood 
tracheids had steeper spirals than those of the spring 
wood. On the contrary. Wardrop and Dadswell (1951) 
stated that the change in orientation of the spiral 
thickening, in Pseudotsu^a taxifolia (Douglas fir), 
with the increasing cell length had no apparent relation 
to cell wall thickness. In the present investigation 
it was found that, both in Taxus baccata and Torreya 
californica. there was no noticeable change in the 
inclination of the spiral thickening throughout the width 
of a growth ring with normal wood, similarly, in a 
growth ring, with compression wood no change in the 
inclination of the spiral thickening occurred throughout
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its width. Only when both the compression and normal 
wood tracheids occurred in the same grov/th ring was 
the difference in the orientation of the spiral thicken­
ing apparent. In Torreya californien, particularly in 
the compression wood tracheids of the early v/ood, the 
angle of inclination of such thickening, as mentioned 
earlier, was about 45^ to the long axis of the cell, but 
in the normal tracheids of the late wood of the same 
growth ring the spirals v/ere more or less transversely 
oriented.
Slip planes are commonly found in tension 
wood fibres (Chow, 1946; Wardrop and Dadswell, 1947). 
Wardrop (1956) mentioned that slip planes occurred in 
all but the most recently formed tension wood fibres.
In the present investigation it was found that although 
slip planes occurred frequently in the tension wood 
fibres, these were by no means present in every tension 
wood fibre examined, even in the oldest wood. Reporting 
the occurrence of slip planes in normal wood, both in 
conifers and dicotyledons, Wardrop and Dadswell (1947) 
state, "slip planes occur commonly in nearly all fibres 
and tracheids with perhaps some exception in the case 
of the wood in close proximity to the pith of the main 
stem or branch". A few slip planes were observed by the 
present writer in the root wood and the branch wood of 
lime where the apparent normal fibres were poorly
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lignified. A wide occurrence of slip planes in normal 
fibres and tracheids of dicotyledons and in normal 
conifer tracheids as reported by Wardrop and Dadswell 
(1947) appears to the present writer to be rather too 
sweeping. That this is so, is more obvious in the 
following statement. Describing the occurrence of slip 
planes in reaction wood these authors (Wardrop and 
Dadswell, 1947) state, "slip planes are very much fewer 
in number in the cell walls of compression wood tracheids 
when these are compared with neighbouring normal wood 
tracheids". Without referring to their above statements 
concerning the occurrence of slip planes in the normal 
and the reaction wood of conifers and of dicotyledons, 
the same authors (Wardrop and Dadswell, 1948) mentioned,
"in a lignified fibre, lignin, packed between the micelles, 
resists the tendency of the micelles to buckle, and slip 
planes and minute compression failures are less common 
so that, in heavily lignified cells such as the tracheids 
of compression wood, slip planes and minute compression 
failures are not found". It is considered here that in 
lignified fibres and tracheids and in heavily lignified 
compression wood tracheids, slip planes are not likely 
to occur due to the presence of large amounts of lignin 
in the inter micellar spaces.
At present, there is no general consensus of 
opinion regarding the length of normal and tension wood
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fibres. There are difficulties in obtaining suitable 
material for comparative study (Dadswell and Wardrop, 
1949). Chow (1946) and Dadswell and Wardrop (1954) 
measured neighbouring normal and tension wood fibres, 
taking into account the relative position in the growth 
ring. However, the present author has observed that 
the apparently normal fibres in the immediate vicinity 
of tension v/ood fibres vary in degree of lignification 
from a strongly lignified condition to a weakly lignified 
one. And particularly in macerations, it is difficult 
to differentiate between a strongly lignified fibre and 
a weakly lignified one. Dadswell and Wardrop (1954) 
state, "if eccentric growth accompanying tension wood 
formation results from an increased growth rate, then 
tension wood fibres would be expected to be shorter than 
normal wood. If the radial growth is retarded in the 
region of tension wood, or if the growth continues 
longer in this region than elsewhere, but the rate of 
division is slower, then the tension wood fibres would 
be longer than normal wood. Finally, if the growth 
rate is the same in both regions of tension wood and 
normal normal wood formation, no difference would be 
expected. All of these possibilities have been realized 
in different specimens examined". This statement 
suggests that any difference (or even similarity) in 
the length of normal and tension wood fibres is dependent
9%
on cambial activity and is independent of the nature of 
the cells concerned. On the other hand, it is generally 
accepted that in compression wood which is usually 
associated with eccentric growth, the tracheids are 
shorter than the comparable normal wood tracheids.
So far as is at present recorded, in tension 
wood, only the fibres are affected structurally. In 
the present study the occurrence of gelatinous parenchyma 
(axial) in the secondary xylem of the stems and roots of 
Robinia pseudoacacia has been recorded for the first 
time. These gelatinous parenchyma occurred in association 
with tension wood fibres, irrespective of the position 
of the pith. The single G layer in such cells was 
similar to that of tension wood fibres. The pit mouths 
of the gelatinous parenchyma ran parallel to the long 
axis of the cell, possibly indicating a similar 
orientation in the G layer, and sometimes such pit 
mouths joined up to form a long slit-like structure, 
as described earlier in this thesis, for tension wood 
fibres. However, no slip planes were found in these 
abnormal parenchyma cells.
49
SUMJViAEY ' '
1. The occurrence of gelatinous fibres is recorded in 
branches, roots and also in petioles, rachises, 
pedicels and rhizomes. It is suggested that 
gelatinous fibres and tension wood fibres are to 
be considered as one type of fibre.
2. True tension wood fibres were not found in the 
secondary xylem of some plants.
3. The formation of tension wood bears less relation 
to the position of the ontogenetic centre of stems 
and roots than is generally thought: indeed, tension 
wood was not uncommon in these members with centric 
pith.
4. In horizontal branches the distribution of tension 
wood fibres within a growth ring is more common in 
the early wood on the upper side and in the late 
wood on the lower side, but this is not invariable.
In the roots these fibres are uniformly distributed 
throughout a ring on all sides.
5. Sometimes the G layer was stratified and consisted 
of two to four "layers".
6. Pit mouths of tension wood fibres are more slit-like 
than those of normal fibres of the same species and 
run parallel to the long axis of the cell, whereas, 
in normal wood fibres, they are commonly oblique.
loo
Not infrequently two or more pit mouths in tension 
wood fibres coalesced to form a long slit-like 
aperture.
7. Formation of reaction wood leads to a reduction in 
the number of normal secondary wall layers. In 
tension wood fibres the S 3 layer and sometimes the 
S 2 layer as well, are absent, and in compression 
wood tracheids the S 3 layer is absent. The G layer 
and in compression wood the S 2 layer are to be 
regarded as abnormal.
8. The occurrence of gelatinous axial parenchyma in 
association with tension wood fibres is recorded 
in the secondary xylem of robinia.
9. A preliminary examination of horizontally lying 
roots of a few gymnosperms did not indicate the 
presence of compression wood.
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2. HISTOLOGICAL STUDIES IN THE SECONDARY XYLEM
OE SPECIES OF EPHEDRA.
ABSTRACT
Histological features of the secondary xylem 
of seven species of Ephedra are described.
Diffuse-porous wood was found in E. fragilis 
var. campylopoda and E. nebrodensis var. procera while 
ill E. americana var. andina diffuse and ring—porous 
wood was found in different parts of even small blocks. 
E. distachya and E. nebrodensis showed ring-porous to 
semi-ring-porous structure. The vessels are mostly 
confined to the early wood in E. gerardiana and 
E. helvetica and may be in the form of a pore ring or 
partial ring.
Spiral thickening occurred in all the vascular 
elements in E. nebrodensis var. procera. E. p:erardiana 
and E. helvetica. but was confined to the vessels in 
E. distachya and £. nebrodensis where it was very 
delicate. In other species no spiral thickening was 
present.
The present work provided some evidence to 
support the view that the vessel elements of Ephedra 
are derived from tracheids. Nevertheless, there are 
structural dissimilarities between the vessels and 
tracheids, which may, however, be more apparent than 
real.
lo4
Axial parenchyma is diffuse and in contrast 
with conifer wood abundant. The rays are mostly large 
and multiseriate and the larger ones are sometimes 
aggregate.
Limited evidence was obtained that the period 
during which juvenile wood is formed is unusually short.
do
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INTRODUCTION
The acquisition of an apparently authentic 
specimen from a trunk of Ephedra andina (= E . americana) 
from Chile led to the initiation of the present 
investigation on the secondary wood in the genus 
Ephedra. The histology of the wood of this specimen 
appeared to differ in several respects from what is 
normally regarded as typical of the genus and since 
much of the work (Boodle and V/orsdell, 1894; Thompson, 
1912; Pearson, 1929; Dadswell and Record, 1956;
Record and Hess, 1945) appears to have been carried out 
in juvenile wood - even from young shoots in some 
instances - it was decided to obtain wood of such 
species as might be available and to make a study, as
f
far as possible, of the mature wood. Material was 
readily supplied by the Forest Products Research 
Laboratory, Princes Risborough and Imperial Forestry 
Institute, Oxford, all of which was believed to be 
authentic. The Cambridge Botanic Garden also supplied 
me with as large branches as possible from the species 
in their collection but it was clearly understood that 
the names of these could not necessarily be accepted as 
authentic. The Royal Botanic Gardens, Kew, also supplied 
the Gnetum material to which reference is made in the
paper. The author is grateful to these institutions for 
their assistance. Material of Ephedra andina was 
included in both the Princes Risborough and Imperial 
Forestry Institute samples and apparently derived from 
the same source and collector as the specimen referred 
to above. Detailed histological study of this wood showed 
that it differed considerably from the other material of 
Ephedra which was available for study.
Ephedra andina (so-called) Other specimens of Ephedra 
examined
1. Vessels of the late wood 
in clusters taking radial 
or tangential course; 
more often running 
obliquely and sometimes 
connected into long bands 
in which frequently 
changing oblique course 
of vessels gives an 
undulating arrangement.
2. Vessel perforations 
exclusively simple.
In species approximating 
to ring-porous or semi­
ring-porous condition 
vessels mostly in the early 
wood. In diffuse-porous 
ones the vessels in the late 
wood commonly solitary 
without characteristic 
arrangement.
Vessel perforations 
exclusively ephedroid. *
* The oblique, perforated end wall of the vessel elements 
of Ephedra has been termed a foraminate perforation 
(Record, 1954; Dadswell and Record, 1956; Record and 
Hess, 1943; Brown, Panshin and Forsaith, 1949; Jane, 
1956) while Metcalfe and Chalk (1950) and Esau (1955) 
refer to it as a foraminate or ephedroid perforation. 
Several of the older workers were content to describe it 
as an end wall with modified or partially broken down 
bordered pits. The International Glossary of terms used 
in Wood Anatomy (Tropical Woods,10?, p 1/56, 1957), 
published by the International Association of Wood 
Anatomists no longer recognises the term "foraminate 
perforation plate" but recommends the term "ephedroid" to 
designate a plate having a small group of circular 
openings - that of Ephedra being given as an example.
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Ephedra andina (so-called) Other specimens of Ephedra 
examined
3. Bordered pits of the 
vessels numerous
4. Tracheids and fibre- 
tracheids absent.
5. Libriform fibres 
present.
6. Rays small. Uniseriate 
and multiseriate. 
Multiseriate rays up to 
about 35 cells high;
up to 4 cells wide.
Bordered pits of the vessels 
fewer.
Tracheids and fibre-tracheids 
present.
Libriform fibres absent.
Rays mostly multiseriate and 
very large. Multiseriate 
rays up to about 175 (+) 
cells high; up to 25 cells 
wide.
These differences seemed to be so great as to 
leave no alternative but to conclude that in spite of 
its supposed authenticity, the wood of the original 
Ephedra andina specimen had been wrongly named and that 
it did not derive from this genus or even from Gnetales. * 
It should be added that a specimen of E. americana Humb. 
and Bonpl. var.andina (Poepp.) Stapf. was present in the
* In recent work on the order (Eames, 1952; Poster and 
Gifford, 1959; Maheshwari and Vasil, 1961) there has 
been a tendency to split the order Gnetales into three 
orders - Ephedrales, Welwitschiales and Gnetales. Since 
the present work is concerned solely with the secondary 
wood it is felt that no useful comment can be made on 
this newer classification and it is, therefore, proposed 
in this thesis to retain the older concept of the limits 
of the order Gnetales.
'4
material accumulated and that in this the structure 
of the wood agreed closely with that of other species 
of the genus.
The following species of Ephedra were
examined.
Specimens
Source 
of . 
supply
Material
Age on 
ring 
count
E. americana Humb. and Bonpl. 
var. andina (Poepp.) Stapf. G.B.G. Living 11
E. fragilis Desf. var 
 ^campylopoda (G.A. Mey.) Stapf.
Kew Wood
specimen 20
G.B.G. Living 2
E. nebrodensis Tineo var. 
procera (Fisch. and Mey.) 
Asch. and Graebn.
G.B.G. Living 22
E. nebrodensis Tineo. G.B.G. Living 17
E. distachya L. Kew Wood
specimen 4
I.E.I. Wood
specimen 40
E. gerardiana Wall. G.B.G. Living
material 5
E. helvetica * G.A. Mey. B.S.U. Living
Material 4
B.S.U. » University of London Botanical Supply Unit.
C.B.G. = Cambridge Botanic Garden.
I.E.I. = Imperial Forestry Institute.
* see next page
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* The material examined derived from a small plant 
labelled E. distachya. E. distachya appears to be a 
synonym for five species of Ephedra. Three of these 
could be readily eliminated, but lack of material 
precluded a detailed systematic determination between 
E. alte and E. helvetica. E. alte is, however, scandent 
or semi-scandent and the present species were erect; 
it is, therefore, more likely that it is correctly 
designated E. helvetica. It is undesirable, however, 
that the identity of this material should be regarded 
as firmly established.
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THE TRACHEARY ELEMENTS OF THE SECONDARY XYLEM.
In some species of Ephedra the wood is 
diffuse-porous (Fig.l.), but in some specimens the 
vessels tended to be confined to the early wood (Fig.2).
It would not be strictly accurate to define wood with 
the vessels so arranged as ring-porous but this 
condition,or at least a semi-ring-porous condition, 
was approached. Sometimes even when vessels were very 
sparse they tended in places to form tangential lines 
at the beginning of the ring, suggesting a ring-porous 
arrangement. The bulk of the wood of all species 
consists of vertical tracheids and the fibre-tracheids, 
but in the diffuse-porous species the vessels are more 
evenly distributed so that the wood has a different 
appearance from that of species approximating to ring- 
porous or semi-ring-porous condition which in transverse 
sections might almost at times be described as consisting 
of alternating layers of angiospermous and gymnospermous 
wood.
While the vertical tracheids often resemble 
those of conifers in having symmetrical wedge shaped 
ends so that in radial longitudinal section they appear 
to have rounded ends and in tangential longitudinal 
section pointed ones, it was more common to find tracheids
I lé>
Fig. 1. Ephedra fragilis var. campylopoda. 
Transverse section showing diffuse-porous 
condition with vessels more or less evenly- 
distributed. X 120.
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Fig. 2. Ephedra nebrodensis* Transverse section 
showing vessels confined to early wood giving 
somewhat ring-porous appearance. X 105*
18
with asymmetrical oblique ends (Fig.3-) and indeed 
the very symmetrical end so often seen in a conifer 
tracheid in radial longitudinal section was rare. 
Tracheids with oblique ends may be regarded as having 
end walls and the oblique end is referred to here as 
an end wall.
The tracheids are narrower than those normally 
found in the conifers. The tangential diameter ranges 
from 0.011 mm to 0.027 mm in Ephedra (Table 1) while 
in the conifers, according to Brown, Panshin and 
Forsaith (1949) the tangential diameter of tracheids 
ranges from 0.015 mm to 0.080 mm.
As in many conifers, the tracheids in Ephedra 
have relatively large bordered pits arranged uniseriately 
on the radial walls and occupying the width of the 
tracheids. Biseriate pitting was rarely seen on the 
radial walls but was occasionally seen in the end walls. 
Multiseriate pitting was never seen in these tracheids, 
even in the end walls. Unlike conifer tracheids, pits 
are almost as abundant on the tangential walls, but here, 
like those occurring on the tangential walls in conifers, 
they are distinctly smaller than those on the radial 
walls. Throughout most of the tracheid the bordered 
pits are commonly well separated from one another, 
although they are very frequently crowded in the end
119
A CB
sop
Fig. 3» Ends of vertical tracheids in conifer
and Ephedra.
A, B. Tsu^a heterophylla.
A in radial longitudinal section.
B in tangential longitudinal section.
C, D, E. Ephedra nehrodensis*
C and D in radial longitudinal section, 
E in tangential longitudinal section.
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walls. They possess a distinct torus, which may be 
regarded as a gymnospermous feature. The pit mouth 
is generally circular but sometimes slit-like, when 
its long axis is oblique. In the late wood tracheids 
the mouth of the bordered pits is slit-like and extends 
beyond the border. Such tracheids are referred to as 
fibre-tracheids.
Although previous workers on Ephedra (Thompson, 
1912; Pearson, 1929; Dadswell and Record, 1956;
Record and Hess, 194-3) have observed bars of Sanio 
(Crassulae) on the tracheid walls of Ephedra, none was 
seen in the present investigation. Trabeculae were 
present in all the species examined. They were some­
times confined to a single tracheid but sometimes 
traversed a number of tracheids at the same height.
Thompson (1912) refers to a localised 
thickening of the tracheid wall in E. gerardiana which 
he described as "broader and less numerous than that of 
the other type (i.e. normal spiral thickening)". The' 
illustration of this thickening is not very clear but 
suggests thickening of the wall in the form of transverse 
ridges associated with the pit mouths. Thickening of 
this type is found in some species of Callitris and is 
known as callitroid thickening. Thompson, however, 
likens it to the thickening found in Widdringtonia
malthough Phillips (194-8) does not make any reference 
to localised thickening of the tracheid walls in this 
genus. No thickening of this type was found in any of 
the material examined in the present investigation and 
it may be concluded that it is an unusual phenomenon, 
perhaps an abnormality. V/hether such thickening is to 
be identified with callitroid thickening must, in the 
absence of a better illustration, remain in doubt.
True spiral thickening is said to occur 
sporadically in Ephedra tracheids (Thompson, 1912; 
Pearson, 1929). In the present investigation abundant 
spiral thickening was found in all the early wood 
tracheids of E. nehrodensis var. procera. E. gerardiana 
and E. helvetica; in the fibre-tracheids it was quite 
common although not present in every cell. In 
E. gerardiana the spiral thickening was less common in 
tracheids and fibre-tracheids in the oldest two rings. 
The spiral thickening was less compact in E. nehrodensis 
var. procera than in E. gerardiana and E. helvetica.
No spiral thickening was found in E. distachva.
E. americana var. andina. E. nehrodensis and E. fragilis 
var. campylopoda.
Both Boodle and Worsdell (1894-) and Pearson 
(1 9 2 9) refer to oblique striations which could be 
observed on the walls of some tracheids, which they
ia3
regarded as splitting of the wall, passing through the 
pit mouths. The occurrence of such spiral striae and 
oblique splitting of the tracheid wall, starting 
apparently from pit mouths, is a well known feature of 
compression wood (see Jane, 1956) and may indicate that 
these workers were examining features of this abnormal 
type of wood. Oblique cracking was found occasionally 
in the tracheids and the fibre-tracheids of all the 
species of Ephedra which were examined by the present 
writer. These features are probably to be associated 
with compression wood although in E. helvetica and 
E. gerardiana they occurred on all radii and not, as 
might be expected if they indicate compression wood, on 
radii which would have occupied the lower side in the 
growing plant.
One of the most prominent and interesting 
features of the wood of Ephedra is the presence of 
vessels. The vessels are angular in transverse section 
and are commonly solitary, sometimes in pairs arranged 
tangentially and, more rarely, radially. They have 
ephedroid perforations with the foramina arranged 
vertically in one, two or three rows. In the transverse 
sections they were distinguished from the tracheids by 
their larger size; measurements of the tangential and 
radial diameters in millimeters are given in Table 1.
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The arrangement of the openings in the 
perforation plate was rather variable. In what may 
conveniently be referred to as typical form, since it 
has been described and figured by previous authors, the 
plate has a group of holes arranged more or less as 
shown in the perforation in Fig. 4A. Sometimes, however, 
the foramina were restricted to a single row (Fig. 4B). 
While simple perforations of the usual type were never 
seen, perforations like that shown in Fig. 4C were 
rarely observed. These are, of course, essentially 
simple perforations but transitions were noted between 
this type and plates with a large foramen and a number 
of smaller ones (Fig. 4D). Such plates suggest strongly 
that the larger holes are derived by erosion of the wall 
between the smaller ones.
The specimens of E. nehrodensis and 
E. nehrodensis var. procera were old enough to enable 
the perforations of successive growth rings up to 17 
and 22 years respectively to be examined. A uniseriate 
arrangement of the foramina was seen most frequently in 
the oldest growth ring, but vessels showing this type of 
perforation plate became increasingly sparse in succeeding 
rings and after ring six were distinctly uncommon. Plates 
showing a hi- or triseriate arrangement of the foramina 
were fewer in the oldest ring and became increasingly
2-6
• •
• •
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Fig. 4.
A.
B.
C.
D.
Ephedra americana var. andina. 
vessels showing perforations.
Ends of
Typical of vessels in growth rings other 
than two oldest (a typical ephedroid 
perforation plate).
Uniseriate arrangement of foramina most 
typical of vessel perforations in two 
oldest growth rings.
Rare type of perforation which suggests 
an erosion of walls between foramina to 
give a simple perforation.
An unusual type suggesting break-down 
of uniseriate foramina.
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frequent in successively younger ones. The only other 
large specimen available which was from E. distachya 
(about 40 years) did not contain the pith and oldest 
rings and it was estimated that 6 - 7  such rings were 
missing. In the rings which were available for 
examination only the bi- and triseriate arrangement was 
found. It would be interesting to discover if this is 
a constant feature of the perforation plate.
The bordered pits on the longitudinal walls 
of the vessels are uniseriate or biseriate in arrange­
ment. Triseriate pitting was occasionally observed.
The bordered pits are more or less equally abundant on 
the radial and tangential walls, although the triseriate 
arrangement has not been seen on tangential walls. The 
pits are larger on the radial walls than on the 
tangential walls, although there is considerable 
variation in the size of the pits on the radial walls, 
where the smallest may be no larger than those occurring 
on the tangential walls. The pit mouth is usually 
circular but sometimes slit-like and if the latter, 
the long axis of the slit is more or less transverse 
especially in the more mature wood. The pit membrane 
has a torus. No bars of Sanio (Crassulae) were observed 
although this feature has been recorded by Thompson (1912) 
and Pearson (1929). Traceculae were found in the vessel
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elements of all the species examined, although as 
might be expected, they were not of very frequent 
occurrence. Thompson (1912) and Pearson (1929) have 
both recorded this feature.
Conspicuous spiral thickening was observed 
in the vessels of E. nehrodensis var. procera.
E. gerardiana and E. helvetica while E. distachya and 
E. nehrodensis showed very faint spiral thickening.
It was observed that the spiral thickening was not 
always present in the two oldest rings in E. gerardiana 
and E. nehrodensis. The spiral thickening was less 
compact in E. nehrodensis var. procera than that in 
E. helvetica and E. gerardiana.
No spiral thickening was found in E. americana 
var. andina and E. fragilis var. campylopoda. These 
observations appear at variance with those of earlier 
workers (Thompson, 1912; Pearson, 1929) #io recorded 
spiral thickening in all the species they examined. 
Dadswell and Record (1936) and Record and Hess (194-3) 
state categorically that the vessels of Ephedra have no 
spiral thickening.
The material showed clear differences in
as
vessel distribution in different species/indicated in 
the following table:-
12<8
E.fragilis var. 
campylopoda
E.nebrodensis 
var. procera
E.americana 
var. andina
E.distachya
E.nebrodensis
E.gerardiana
E.helvetica
Diffuse-
porous
Diffuse
porous
Semi-ring- 
porous to 
diffuse- 
porous
Ring-porous 
to semi- 
ring-porous
Ring-porous 
to semi- 
ring-porous
Tendency to 
form a pore
Vessels
regularly
distributed
throughout
ring.
Vessels 
throughout 
ring but 
mostly in 
early wood.
Vessels may 
be regular-
ly
distributed 
throughout 
ring; some­
times more 
numerous in 
early wood.
All vessels 
in the pore 
ring.
All vessels 
in the pore 
ring.
Vessels con­
fined to
Vessels very 
numerous 
(242-280) ♦
Vessels
moderately
numerous
(54-60)
Vessels
numerous
(165-241)
ring in some early wood, 
places.
Vessels 
seldom 
sufficient 
to form 
even a 
semi-ring- 
porous 
condition
Vessels 
mostly in 
early wood.
Vessels
numerous
Vessels
numerous
Vessels
sparse
Vessels
sparse
Number of vessels per 2 sq.mm. is the result of 
20 counts.
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ONTOGENY 01 THE VESSELS
The pitting on the oblique end wall of a 
tracheid of Ephedra is shown in Fig. 5A and the foramina 
on the "end wall" of a vessel in Fig. 5B. It will be 
seen in the latter figure that the foramina may have a 
border and indeed foramina are frequently so bordered 
while border pits may occur in the upper and lower 
parts of such an "end wall". These borders suggest 
that the foramina are derived from bordered pits from 
which part of the roof and the floor of the pit cavity 
have disappeared, thus turning the imperforate tracheid 
into a vessel element. Previous workers have concluded 
that the vessels do indeed form in this manner (Boodle 
and Worsdell, 1894; Thompson, 1912 ; Bliss, 1921;
Macduffie, 1921; Bailey, 1925, 1944, 1955; Pearson, 
1 9 2 9). That vessels can arise by the gradual dissolution 
of the end walls of a vertical line of cells has been 
shown by Eames and MacDaniels (1925) in Robinia 
pseudoacacia, where these end walls become thinner and 
finally disappear, and by Esau (1956) for a number of 
herbaceous plants. Nevertheless, Priestley, Scott and 
Malins (1955) claim that in dicotyledonous trees the 
formation of the perforations is rapid and that they 
were unable to see any stages in the process. This
3)0
A
sop
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Fig. 5- Ephedra nebrodensis.
A. End walls of two contiguous 
tracheids showing border pits 
with small but distinct torus
B. Perforation plate showing 
border around some of the 
foramina.
might suggest that a sudden, possibly explosive, 
disintegration of the end walls sometimes occurs 
although the evidence which favours gradual dis­
solution is strong.
Nevertheless, there are some other 
structural dissimilarities between the tracheids and 
the vessels. Thus the perforation plates in the 
younger growth rings may contain two to three rows of 
foramina while it is not common to find the pitted end 
walls of tracheids with more than a single row of 
bordered pits and more than two rows were not observed. 
Similarly, on the lateral walls of the tracheids the 
arrangement of the pits is uniseriate and rarely bi­
seriate, whereas in the vessels the bordered pits are 
commonly biseriate in E. americana var. andina.
E. fragilis var. campylopoda. E. nebrodensis.
E. nebrodensis var. procera and E. distachya and less 
commonly so in E. gerardiana and E. helvetica. The 
bordered pits of Ephedra normally have circular mouths 
but these may be somewhat slit-like or elliptical.
Where the slit-like or elliptical pit mouths occur in 
the tracheids the long axis is oblique to the long 
axis of the elements whereas such mouths of the bordered 
pits of vessels have the long axis more or less trans-
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verse especially in the more mature wood. Moreover, 
as will appear in Table 1, the vessel elements have a 
considerably greater cross sectional area than the 
tracheids.
It would be unreasonable to give much weight 
to these differences, for it may be that some large 
tracheids are formed from the vascular cambium and that 
these rapidly differentiate into vessels. Such 
hypothetical large tracheids might have two or three 
rows of bordered pits on their oblique end walls and 
might well show some difference from the normal tracheids 
in the pitting on the lateral walls. This is a problem 
which could only be satisfactorily solved by studying 
the development of these elements and that,time did not 
permit in the present study.
One curious difference between the vessels 
and tracheids occurs only in E. distachya and 
E. nebrodensis in that there is very delicate spiral 
thickening in the vessels but none in the tracheids.
In the other species in which spiral thickening occurs, 
it is present in both vessels and tracheids.
The vessels of Gnetum of course are assumed to 
have the same origin as those of Ephedra (Boodle and 
Worsdell, 189^; Duthie, 1912; Thompson, 1918; Bliss, 
1921; Macduffie, 1921; Bailey, 1925, 1944, 1953;
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Pearson, 1929). In material examined by the present 
author (G. gnemon L., G. scandens Roxb., G. latifolium Bl 
and G. paniculatum Spruce.) the pitting on the lateral 
wall of the tracheid was uniseriate in G . gnemon and 
uni- to biseriate in G. scandens. G. latifolium and 
G. paniculatum while the vessels possessed 2-10 rows of 
pits, sometimes even more in G. scandens. In Gnetum the 
pit mouths of the vessel pits are more or less horizontal 
to the long axis of the cell but sometimes they are 
somewhat oblique, this obliquity being much more 
pronounced in the tracheids. Sometimes the pit mouths 
of vessel pits in G. paniculatum may be circular. As 
in Ephedra the vessels of Gnetum had a considerably 
larger cross sectional area than the tracheids (Table 2).
Table 2. Radial and tangential diameters of
the vessel elements and the tracheids
Specimens
Diameter in millimetres - mean of 
20 measurements
Vessel elements Tracheids
R D T D R D T D
G. Knemon 0.110 0.098 0.027 0.027
G. scandens 0.448 0.327 0.049 0.041
G. latifolium 0.240 0.231 0.039 0.033
G. paniculatum 0.081 0.064 0.026 0.020
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In Gnetum the vessels, with very rare exceptions, have 
simple perforations except in the first few growth 
rings so that no comparison with the oblique end walls 
of the tracheids was undertaken.
An interesting feature of the bordered pits 
in the vessels of Gnetum is that they are vestured 
(Fig. 6). Such vestured pits do not occur in Ephedra. 
Nearly all the bordered pits in Gnetum were vestured 
although occasionally pits were found in which this 
could not be seen; no vestured pits, however, were 
observed in the tracheids. The occurrence of vestured 
pits is a very unusual feature in gymnosperms and 
indeed is the first recorded instance of such pits in 
this group.
5^Fig. 6. Gnetum gnemon. Small piece 
of vessel wall showing vestured pits 
X 750.
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THE AXIAL PARENCHYMA AND THE RAYS
Vertical parenchyma occurred in all the species 
examined. It was diffuse. Nevertheless, parenchyma 
cells were much more frequent than in the wood of 
conifers where Phillips (1948) regards parenchyma as 
abundant if there are "five or more cells per square 
millimetre of transverse section in that portion of the 
growth ring containing most parenchyma". The only 
criterion which could be used in Ephedra for differentiat­
ing between vertical parenchyma and the tracheids in 
transverse section was the presence of contents in the 
parenchyma cells. Counts of the number of such cells 
per square millimetre in Ephedra were :-
Specimens
Number of counts : 25
Maximum Minimum
E.americana var. andina 139 30
E.nebrodensis var. procera 42 16
E. Kerardiana 20 9
E. helvetica 473 169
E. nebrodensis 219 36
These numbers, of course, must be regarded as 
minimum figures, since it could not be assumed that
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every parenchyma cell in a field contained contents at 
the level at which the section was cut, so that some may 
have been undistinguishable from the tracheids.
Far wider rays are present in the wood of 
Ephedra than in that of conifers. The rays in the 
oldest ring are uniseriate although a few multiseriate 
ones were always present. These uniseriate rays widen 
in the later growth rings where uniseriate rays are rare 
and multiseriate rays abundant. The multiseriate rays 
were nearly all broad ones but narrower ones were some­
times found. The rays widened more rapidly in 
E. americana var. andina, E. nebrodensis var. procera,
E. pcerardiana and E. helvetica than in E. fragilis var. 
campylopoda, E. distachya and E. nebrodensis.
The larger rays were sometimes of the aggregate 
type (Fig. 7) being broken up by tracheids, fibre- 
tracheids and even by vessel elements penetrating among 
the ray tissue, although the outline of the ray as a 
whole was clearly discernible. These multiseriate 
aggregate rays are often very large. In the species 
examined the height of the larger aggregate rays 
varied from 0.68 mm to 5.18 mm (see Table 5). However, 
it is realised that such rays are not exclusively 
parenchymatous but also include tracheary cells from 
the vertical elements.
mI
f
Fig. 7 . Ephedra nebrodensis var. procera. 
Tangential longitudinal section. The large 
ray in centre is clearly of the aggregate 
type and shows tracheids dividing the ray 
tissue into discrete portions. Note very
irregular shapes of ray cells. X 52.
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Table J. Ray dimensions
Specimen
Height in 
millimetres
Dimensions in 
number of cells
Max. Mean Min. 
(2 5 measurements)
Height
Max.
Width
Max.
E. americana 
var. andina 5.18 3.61 1 .5 2 160 12
E. fragilis 
var.campylopoda 5.16 3 .8 6 1.68 208 10
E.nebrodensis 
var. procera 4.48 3 .0 0 1.82 175 25
E. distachya 2 .3 2 1 .5 5 1.36 75 4
E. Kerardiana 2.24 1.44 0.68 70 6
E. helvetica 5.80 2 .0 9 0.88 130 8
E. nebrodensis 4 .3 0 2.46 1.56 225 6
The ray tissue is wholly parenchymatous and 
ray tracheids were never observed. Nevertheless, in 
aggregate rays the presence of tracheary cells from 
the vertical elements between two masses of ray tissue 
may sometimes give a confusing picture and suggest that 
ray tracheids and even vessels are present.
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VARIATION OF XYLEM ELEMENTS IN DIFFERENT 
GROWTH RINGS
An investigation was made to discover if the 
length of the vertical elements of Ephedra increases 
from the pith outwards, but the limitations of the 
material precluded much work of this type. The work 
must be further criticised because most of the measure­
ments were on elements taken at random in a ring and 
it is well known that there is an increase in the 
length of the vertical elements in a growth ring so 
that those in the last formed wood may be appreciably 
longer than those formed earlier in the year (Chalk and 
Chattaway, 1935; Bisset and Dadswell, 1949, 1950; 
Bisset, Dadswell and Amos, 1950). To make measurements 
from specific parts of a growth ring it is necessary 
to cut tangential longitudinal sections which are then 
macerated so that the elements can be measured. The 
undulations of the growth rings in Ephedra made 
tangential longitudinal sections worthless and radial 
longitudinal sections had to be used. Further, in 
E. nebrodensis the wood approached ring-porous or semi­
ring-porous condition and the vessels were confined to 
early wood. In E. nebrodensis var. procera where the 
vessel distribution was more even, the growth rings were 
ill defined and in wood with this type of growth ring
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which has been investigated (Bisset and Dadswell, 1949, 
1 9 5 0; Bisset, Dadswell and Amos, 1950) it has been 
found that variation in length of the longitudinal 
elements throughout a growing season is slight. Since 
the fibre tracheids of all the species examined were 
confined to the late wood the data given for these are 
probably more reliable. The most serious criticism 
which might be advanced against these measurements is 
that they were made over too small an age range to have 
much significance. Nevertheless, in spite of the 
limitations of the material it was considered justifiable 
to make such measurements as were possible, since the 
Gnetales have never been examined for this feature.
Of the two species examined, E. nebrodensis 
showed a gradual increase in the length of the vertical 
elements over the first four years and then a more or 
less constant length from the fifth to sixteenth ring.
The increase in length over the first four years was 
as follows
Block I Block II 
Vessel elements 30.0% 31.5%
Tracheids 20.3% 17.4%
Fibre-tracheids 10.3% 19.0%
Two blocks were examined, taken from opposite 
sides of the pith and there was practically no difference
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in the percentage increase of vessel elements and 
tracheids although there was some difference in the 
fibre-tracheids. These results are shown in Table 4 
and the graphs (Figs. 8 and 9).
The data for E. nebrodensis var. procera 
indicates an increase in length of the three types of 
elements up to the twentieth ring (Table 5) but as the 
graph (Fig. 10) indicates the initial increase, ring 
1-3, is more rapid. It would be rash to attach any 
significance to such limited data but they may indicate 
that the period in which juvenile wood is produced in 
Ephedra is short and in this respect more nearly 
comparable to angiosperme than gymnosperms.
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Fig. 8. Ephedra nebrodensis, Variation in length 
of vessel elements, tracheids and fibre-tracheids 
in successive growth rings from pith outwards. 
Block I.
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Fig. 9* Ephedra nebrodensis. Variation in length 
of vessel elements, tracheids and fibre-tracheids 
in successive growth rings from pith outwards. 
Block II derived from opposite side of stem to 
Block I.
Table 5* S. nebrodensis var. procera 
Mean length in millimetres - 
50 measurements.
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Growth ring 
No. Vessel elements Tracheids
Fibre-
tracheids
1 0.61 0.63 0.70
2 0.63 0.66 0.74
3 0.66 0.70 0.73
k 0.65 0.69 0.73
3 0.65 0.68 0.76
6 0.63 0.68 0.74
8 0.65 0.68 0.73
10 0.68 0.69 0.77
12 0.66 0.68 0.73
14 0.67 0.69 0.74
16 0.66 0.73 0.77
18 0.72 0.74 0.79
20 0.74 0.78 0.82
MMS. 
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Fig. 10. Ephedra nebrodensis var. procera. 
Variation in length of vessel elements, 
tracheids and fibre-tracheids in successive 
growth rings from pith outwards.
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DISCUSSION AND CONCLUSIONS
The major differences observed in the 
secondary xylem of the species of Ephedra investigated 
were vessel distribution and the presence or absence 
of spiral thickening.
Some of the specimens showed a diffuse-porous 
arrangement, others a preponderance of vessels in the 
early wood and sometimes, their restriction to this 
region of the growth ring. Vessels in the early wood 
in species with the non diffuse-porous condition tended 
to approach a ring-porous or semi-ring-porous arrange­
ment although where, as in E. Kerardianà and E. helvetica 
the vessels were extremely few, such a condition was 
limited to small areas of the early wood. Sometimes 
as in E. americana var. andina a diffuse-porous or ring- 
porous arrangement could be seen in different parts of 
the same transverse section. Spiral thickening was 
present in all the tracheidal elements if it occurred, 
with the exception of the specimens of E. distachya and 
E. nebrodensis where very. delicate spiral thickening 
was found in the vessels but not in the tracheids or 
fibre-tracheids.
While these features may be characteristic of 
certain species and not of others it would be rash in
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the present work to make any positive assertions, since 
the material examined was too limited in quantity, and 
derived from a single plant in each species except in 
E. distachya and E. fragilis var. campylopoda where in 
each, material of two plants was examined. Moreover, 
while there is limited evidence that juvenile wood is 
formed in Ephedra only for a very short period, it 
would need specimens from considerably older plants to 
confirm whether or not mature wood is laid down when the 
plant is a few years old. The possibility that the 
differences noted may be characteristic of juvenile 
rather than mature wood cannot be excluded. Without 
knowledge of whether the wood is juvenile or mature it 
is felt that no useful comments can be offered on the 
incidence of spiral thickening. Both characters as 
well as the abundance of vessels may subsequently prove 
to be characters confined to certain species of the 
genus, but until the variation of the wood in the 
species can be studied by reference to a number of 
specimens of wood from each species, it is impossible 
to know if the characters in question are, at least in 
part, environmental rather than inherent.
The present investigation has provided some 
evidence to support the view that the vessel elements
5o
of Ephedra are derived from tracheids. Nevertheless, 
some structural dissimilarity between the vessels and 
the tracheids has been pointed out. Whether this dis­
similarity has any real significance is uncertain, for 
it is possible that features which differ in vessels 
and tracheids, e.g. arrangement of pits and orientation 
of pit mouth, may be due merely to a difference of size 
between the vessel and that tracheid. Large tracheids 
showing the pit arrangement of the vessels, might 
conceivably exist although they have not been seen by 
the present writer.
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